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Stamp on top of bulb clearly shows date Bell Laboratories installed Tung-Sol/Chatham 5R4WGY 
rectifier tubes. September 9, 1958, five years, over 43,000 hours later, the tubes were removed. 


Tung-Sol/Chatham tubes operate 
43,000 hours — more than five years 


Bell Laboratories, Murray Hill, New Jersey — re- 
search and development center for new and better 
telephone components — recently removed two 
Tung-Sol/Chatham 5R4WGY rectifier tubes, fore- 
runner of the improved 5R4WGB, after more 
than five years of unbroken, high-quality operation. 
Records revealed that on March 20, 1953, Bell 
Laboratories installed the rectifier tubes in a fre- 
quency distribution amplifier operated at Murray 
Hill. Removal date: September 9, 1958, more 
than five years and 43,000 service hours later. 
Comparison with the normal SR4WGY warranty 
of 500 hours underscores the extraordinary per- 
formance of these Tung-Sol/Chatham tubes. 


More and more tube users in all areas of indus- 
try are gaining similar benefits of long-life relia- 
bility found throughout Tung-Sol/Chatham tubes. 
You can too! When you neéJ replacements... . 
the next time you order new electronic equipment, 
specify Tung-Sol/Chatham tubes! For further in- 
formation, to fill a special socket, contact: Chatham 
Electronics, Division of Tung-Sol Electric Inc., 
Newark 4, New Jersey. 
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Circle 101 on page 17 





MAY 1959 


"fy Sealed and Shielded Ball Bearings 
Solve Electric Moror Positioning Problems/ 


CUSTOMER PROBLEM: 


Conventional lubrication imposes design 
restrictions on electric motor manufacturer. 
Mounting positions are limited, since bearings 
must be accessible for service or relubrication. 


SOLUTION: 


New Departure offered factory prelubricated, 
shielded ball bearings. Electric motors equipped 
with these high precision, production ball 
bearings, maintain their original performance 
in any position. And, accessibility for service 
need not be a ruling factor in motor location. 


These quiet-running ball bearings are virtually 
lubricated-for-life, and eliminate the need for 
adjustment because of wear. In applica- 
tions where excessive contamination conditions 
exist, a full line of efficient New Departure 
Sentri-Seal ball bearings are also available. 


If your product or design calls for long, trouble- 
free bearing life, why not call on New Depar- 
ture. There’s probably a high production, low- 
cost ball bearing, built to New Departure’s 
traditional precision, that’ll do the job better, 
For information, call the N/D Sales Engineer 
in your area or write Department T-5. 


EPARTURE 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING ROLLE 4/KE A BALL 
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HERE'S WHY.. 


ROYAL ELECTRIC TYPE- 
WRITERS. “Bodine Motors 
were selected because of 
their convenient, compact 
size; quietness; and effi- 
cient operation which turns 
out a true rated power. 
Reliability, of course, was 
our first consideration.’’ — 
Royal Typewriter Division, 
Royal McBee Corporation. 


JOHNSON AUTOMATIC 
COIN COUNTERS. ‘‘We re- 
quired a small, powerful 
motor for our coin coun- 
ters ..and were ableto 
obtain a motor that fitted 
our needs from Bodine's 
wide selection. We have 
used Bodine Motors for 
over 13 years, and find 
them to be extremely re- 
liable.’’ —Johnson Fare 
Box Company. 


Leading business machine manufacturers 
power their products with Bodine Motors 


REMINGTON RAND AUTO. 
MATIC CALCULATORS. ‘‘We 
require a motor with a high 
torque for its size. Bodine 
Motors meet these require- 
ments without excessive 
temperature rise . . and 
they're exceptional for re- 
liability and performance.” 
—B. H. Tingley, develop- 
ment engineer. 


REX-O-GRAPH DUPLICA- 
TORS. ‘We tested all in- 
duction type motors. 
Bodine was the only one 
that met our requirements 
in starting torque, weight, 
breakdown torque, size, and 
reduction gear dimensions. 
Service on this motor has 
been almost nil.’"——General 
Binding Corp. 


New model business machine motor! 


Ask for a copy of newly published Technical 
Bulletin #1034. It tells the story of Bodine's 
newest model business machine motor . . 
the FSE-23. It's only 2%" high . . weighs 
only 1 pound, 11 ounces . . packs plenty of 
power. And it’s rectangular in shape . . fits 
into minimum space. Send your request to 
Bodine Electric bom any, 2506 W. Bradley 
Place, Chicago 18, Illinois. 


— SB a 


fractional 


horsepower 


MOTORS 
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HEDMAN CHECK WRITERS. 
“We require motors that 
are small, quiet, sturdy, 
long lasting, trouble free, 
and supply the high torque 
needed. We've used Bodine 
Motors for 36 years . . 
their engineers are always 
willing to help with our 
motor problems.’’ —C. W. 
Johnson, vice president. 


BRUNING COPYING MA- 
CHINES. ‘‘The only reason 
we buy Bodine Motors is 
that we could not buy a 
product of equal quality 
elsewhere.’’ —John P. 
Arndt, works manager, 
Chicago factory. 


Other applications for Bodine Motors 
vending machines, instruments, 
communication equipment, sound 
recorders, automatic scales, respi 
rators, voltage regulators, X-ray 
timers, trafhic signal timers, stirrers, 
sanders, letter openers, envelope 
sealers. . plus many, many other 
applications 


...the power behind the leading products 
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NOISE eee 


j os Tensile viel “— 
Nominal Composition Strength ; @ 2% 
ram Pounds xtension 
Under Load 


Per Sq. In. Lbs. Per Sq. In. 


SHEET AND STRIP 

Electrolytic 1.P. Copper ° 10 99.90min. 50,000 45,000 11,900 
Oxygen Free Copper (OFHC) 103 -232 99.92min. 53,000 32, 000 51,000 
Gilding, 95% 26 -320 95.0 5.0 56,000 35,000 50,000 a oa 


Commercial Bronze, 90% .... oo ; 25 -318 99.0 10.0 54,000 12,000 


Red Brass, 85% ; 85 316 85.0 15.0 7 
Low Brass, 80% die 5 | .313 80.0 20.0 a =f 


Cartridge Brass, 70% 37&69 | .308 69.5 Y 15,000 
Yellow Brass 1 | .306 66.0 60,000 15,000 
Low-Leaded Brass iene 3 -306 65.5 J r 60,000 17,000 


Medium-Leaded Brass ...... ) .306 65.5 33.40 ong 6 

High-Leaded Brass ... . 62.25 35.75 saaee 19/980 
Contact Bronze . 317 89.0 8.95 72,000 

Cadmium Copper (Phono-Electric) 985 321 99.10 48.000 12,000 
Phosphor Bronze, 5% (A) 820 -320 P 0.15 50, ; 
Phosphor Bronze, 8% (C) vee 35 318 P 0.10 60, 900 yaane sacs 
Nickel Silver, 18% (B) .. tees 555 314 55.0 26.85 Mn0.15 Ni18.0 is, 000 90,000 

Nickel Silver, (12%) ... : csesees 558 314 56.5 115,000 | 90,000 

Low Silicon Bronze, (8) (Duronze 609)....... 609 .316 98.1 ae 78,000 = 000 50,000 15,000 
High Silicon Bronze, (A) (Durenze 632) .308 96.95 Fe0.10 Si2.95 94,000 0,000 58,000 25,000 


ROD AND WIRE 
Commercial Bronze, 90% ... .318 
Red Brass, 85% . 8 eee 316 
Low Brass, 80% seve -313 
Cartridge Brass, 70% .... : _ -308 . 30. 65,000 50,000 
Yellow Brass : -306 . : 65,000 ro 000 
Leaded Commercial Bronze .. , ben sews 319 89.5 j 52,000 7,000 45,000 12,000 


High-Leaded Brass ............... , 306 63.25 34.95 1.8 55,000 | 45, ba 42,000 1 
Free-Cutting Brass . serene 61.25 35.35 3. 1 58,000 | 49 ea 45,000 20, "000 
Tellurium Copper 323] 99.50 44,000 


Low Silicon Bronze, (6B) (Ouronze 609)....... 316 98.1 80,000 

High Silicon Bronze, (A) (Ouronze 632)...... -308 96.95 as 10 Si2.95 94,000 

Aluminum Bronze . (Durenze 707) -278 90.85 Al 7.15 Si2.0 

Tin Bronze (Phono-Electric) sevesvese 321 98.6 1.4 65,000 | 40, ee 

Cadmium Copper (Phono-Electric) .. 99.10 3 90 70,000 | 40,000 

Bridgeport Forging Rod Sau RUNG SS<% ; ped 59.00 72,000 52,000 50,000 20,000 

Manganese Bronze........... a . 58.5 ee 45 Mn0.3 83,000 72,000 55,000 caane 
Fe 1.0 q 


90.85 Al 7.15 Si2.0 
Properties As Hot-Forged 


BRIDGEPORT 
ALLOY 


Density Pounds 


Per Cu. In 


Aluminum Bronze . ... (Durenze 707). 


SEAMLESS TUBES 
Oxygen Free Copper (OFHC) oan : ° 99.92min. 
Deoxidized Copper (DHP) ves . 99.90min. 50,000 0% 
Deoxidized Copper (DLP) . . 99.90min. J ‘ 50,000 10,000 


Low-Leaded Brass . 
High-Leaded Brass 
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Elongation 
In 2 In. 
Per Cent 


(a) 

Hard Soft 
43 B56 F33 9.8 228 102 Hard-to-form switchgear 
45 B64 F52 10.0 135 56 


B70 F57 10.2 “a Contact switches for non-critical locations 
a B77 F60 10.4 Contact switches for non-critical locations 
50 B82 F61 10.6 a se > Contact switches for non-critical locations 


62 B82 F64 Aa.8 - ns = Contact switches for non-critical locations 
a B80 F64 11.3 Contact switches for non-critical locations 
B80 F68 11.3 For special auxiliary equipment used with current-carrying equipment 


B80 F68 11.3 67 26 70 For special auxiliary equipment used with current-carrying equipment 
B80 F68 wae 67 26 90 For special auxiliary equipment used with current-carrying equipment 
B90 10.4 81 30 Spring contacts 
B65 F47 9.8 199 «2 in radar and electronics where small space, high conductivity and strength are required 
10 52 B87 F77 47 Superior spring properties 
10 63 B93 F82 36 Superior spring properties 
25 B99 9.3 17 Excellent for telephone applications — contacts 
25 B99 9.3 Excellent for telephone applications — contacts 
5 B80 F70 9.8 27 Current-carrying catenary — wire connector bolts, line splice parts 
B93 F85 9.3 21 > Current-carrying catenary — auxiliary equipment, line splice parts 
10.2 109 44 20 Contact switch screws and fasteners 
10.4 92 37 30 Contact switch screws and fasteners 
10.6 81 32 30 Contact switch screws and fasteners 
11.1 70 28 30 Contact switch screws and fasteners 
11.3 67 pod 30 Contact switch screws and fasteners 
B58 F55 10.2 104 80 Contact switch screw machine parts 
B75 F65 11.3 67 90 Contact switch screw machine parts 
B78 F68 11.4 67 100 Contact switch screw machine parts 
i ee |... | oe | ee Se oe 90% conductivity arid superior machining for screw machine parts 
9.8 27 9 30 Current-carrying catenary wire connector bolts, line splice parts 
21 7 30 Current-carrying catenary auxiliary equipment, line splice parts 
30 B85 9.2 20 7 60 Good in corrosive conditions 
9.9 48 Catenary construction bolts higher than 609 conductivity 
9.8 85 Catenary construction and electronic small space applications 
B78 F78 69 27 80 When hot-forged, used in supporting members 
B85 B55 63 25 30 
30 B85 


43 B56 F33 9.8 228 102 Copper bus tubing auxiliary parts 
45 B60 F40 9.8 196 85 Copper bus tubing auxiliary parts 
45 B60 F40 9.8 228 100 Copper bus tubing auxiliary parts 


50 B80 F70 1.2 67 26 60 Can be used instead of rod for catenary and auxiliaries 
50 B80 F75 11. 67 26 Can be used instead of rod for catenary and auxiliaries 


Rockwell 


Hardness 
SUGGESTED APPLICATIONS 


Fa 68° F 


F from 
77° F—572° F x 10* 


per 
Elec. Conductivity 


Thermal Conduct. 
% IACS 

68° F Soft 

(a) Machinability 
Rating (approx.) 


Coeff. Therm. Exp. 
Btu sq. ft. 


ft. hr. 
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in This issue 


Drives Your Classification: 
Electrical 


Generators 
Power 


The “S-Generator’’ Metadyne for 
High-Performance D-C Drives 


Design, operation and performance of the constant-current 
S-generator metadyne developed by the Louis Allis Co. to 
improve system performance and minimize control hardware 
for rapid-reversing, adjustable-speed d-c drives. Initial applica 
tions: high-speed planers and radar antennas, in place of 
conventional m-g set shunt generator. 


William Arrott, Associate Editor, EcecrricaL MANUFACTURING, 
New York, N.Y. 
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Motors Your Classification: 
Special 


Control 
Systems and Servos 

Production and Assembly Techniques 
Printed Wiring 


Unique Operating Characteristics 
Offered by Printed-Circuit Motor 


Practical development of the principle of printing the windings 
of d-c motors has led to a new basic motor design that offers 
many advantages for both control and power uses. Typical 
motor performance, design details and application factors 
are outlined 


J. Henry-Baudot, Societé d’Electronique et d’Automatisme, 
Paris, France; R. P. Burr, Cir.cuit Research Co., Cold Spring 
Harbor, a New York 
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Materials, Electrical / Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


Explosion-Proof Mine 
Transformer-insulation System 


Analysis of several alternate electrical-insulation systems for 
Belgian mine transformers required to be explosion proof 
under firedamp conditions. to be light in weight and to have 
adequate mobility. Test data are given on a Class H_ type 
finally selected. 


J. Debaise, Ateliers de Constructions Electriques de Charleroi 
(A.CLE.C.), Charleroi, Belgium 
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Materials, Electrical/Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


* How to Specify Insulating Varnishes 
for Equipment Reliability 


Insulating varnishes are reviewed and classified as key com- 
ponents in electrical insulation systems for maximum equip- 
ment life and reliability. Data are provided on major types 
of varnishes, their respective characteristics, compatibility, 
application methods and best areas of application. 


D. L. MeClenahan, Schenectady Varnish Co., Schenectady, 


New York 
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Basic Science and Engineering 
Metalluray 

Materials, Electrical/Electronic 
Conductor Materials 

Materials, Mechanical / Structural 
Metals 


Your Classification: 


* Key to Metals in Design Engineering 


Basic principles of metallurgy are presented. Structural char- 
acteristics of metals are explained and related to design 
concepts. Physical and mechanical properties of metals are 
defined and illustrated by tables and charts. The nature and 
specifications of metals are detailed for better understanding 
of current literature. The effects of environment and mecha- 
nisms of damage are shown and illustrated. 


S. H. Avner, N. Y.C. Community College, Brooklyn, N. Y., 
and H. E. Barkan, Associate Editor, ELectricaL MANuFAC- 
ruRING, New York, N. Y. 
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Components, Electrical /Electronic 
Magnetic Components 
Semiconductor Devices 

Control 
Systems and Servos 


Your Classification: 


* Static Switching Today 


A comprehensive survey of static switching as it is applied 
today in machine control systems. Includes theory of switching 
circuits and how the various types of devices (semiconductor, 
magnetic amplifiers, ferromagnetics) are applied and covers 
problems encountered in their design and use. Units supplied 
by various manufacturers are also evaluated. 


J. J. Duffy and S. Spatz, American Machine & Foundry Co., 
Stamford, Conn. 
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PLECTRICAL MANUFACTURING 





e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


te Reprints available—see pages 213 and 222 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page 17 


Components, Electrical /Electronic Your Classification: 


Contact Devices 
Design Considerations 
Miniaturization 


The Miniature Relay in Great Britain 


Design difficulties presented by the multiple requirements 
for smaller relays to operate reliably in increasingly rigorous 
environments have been solved by various means in the U.S. 
and abroad. Outlined here are some of the British solutions 
and views of the problems. 


J. H. Mitchell and L. S. Distin, Ericssons Ltd., Beeston, Notts., 
England 
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Components, Electrical /Electronic Your Classification: 


Fasteners 


Standards for Tapping Screws 


{4 summary of the internal standards developed by Western 
Electric to insure proper choice and application of tapping 
screws. Includes tables of strengths of fastenings under tor 
sion, tension, impact, shear and fatigue. 


E. F. Perout, Western Electric Co., Inc., Chicago, JI. 
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Association and Professional Activities Your Classification: 


1959 Design Engineering Conference 


Synopsis of papers to be presented at the 1959 Design Engi 
neering Conference, sponsored by the ASME Machine Design 
Division. Conference and concurrent show scheduled for May 
25-28 at Convention Hall, Philadelphia. 


Staff Report 


Electrical Manufacturing 
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Instruments and Test Equipment Your Classification: 


Design 
Components, Electrical / Electronic 
Semiconductor Devices 


Transistors Demonstrate Reliability 
in Critical Nuclear Instrumentation 


Applications of transistor d-c amplifiers in nuclear reactor 
instrumentation and control where reliability is paramount 
from a safety point of view. Included in this discussion are 
differential amplifiers, chopper-modulated amplifiers, diode 
ring modulators, and conventional direct-coupled amplifiers. 


R. F. Shea, Knolls Atomic Power Laboratory, General Electric 
Company, Schenectady, N. Y. 
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Control Your Classification: 


Theory 
Basic Science and Engineering 
Mathematics 


Automatic Control System Design—2 
Mathematical Techniques— 
Laplace Transformations 


The second of a five-part series on servomechanism design. 
The solving of a differential equation through the use of 
the Laplace transform is described with examples, and the 
various special properties of the transform are discussed. 
Impulse functions and the Z transform are also presented. 


Ira Ritow, Airborne Instruments Laboratories, Mineola, N. Y. 
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COMING UP... 


The Fundamental Nature of Shock and Vibration is the 
subject of the sixth article in the new Basic Science and 
Engineering Series. It will cover theory, character and mecha- 
nism of damages, and principles of testing. Also planned for 
the June issue are articles on: Construction of Alignment 
Nomograms, Characteristics of Solid Tantalum Capacitors, 
Short-Circuit and Overload Protection, Protective Coatings 
for Missile Printed Circuits, Pressure-Sensitive Adhesive 
Tapes, a Staff Report on Clad Metals, Overspeed-Overtorque 
Detection, a Design Plan for Forced-Air Cooling, and a report 
on the recent Westinghouse Machine Tool Forum. June will 
also bring Part 3 of the series on Automatic Control System 


Design: Frequency Response and Transfer Functions. 
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HUSSEY 
COPPER 


The price is right . . . to permit the use of 

genuine Hussey Copper in every application 

where copper’s lasting qualities and functional 
COPPER : BRASS - BRONZE 


advantages are known to serve best. Better still, 
PHOSPHOR BRONZE Hussey Copper is truly representative of that 
well-known American Quality Standard that is 

NICKEL SILVER unmatched by copper from any other source. 
Substitute metals can now be a thing of the 
past and your products can enjoy the full 
effectiveness of copper for electrical and ther- 


SHEET, ROD, WIRE, SHAPES 
in all degrees of finish 


TUBING . PIPE — mal conductivity, corrosion-resistance, durabil- 

s ity, ease of forming and joining, and all its 

WRITE other inherent advantages. Complete mill or 

for Hussey Copper Stock List warehouse service is ready to meet your needs. 
of products, sizes, grades. 


Cc. G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 
Rolling Mills and General Offices 
PITTSBURGH 19, PENNSYLVANIA 
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OF AMERICAN INDUSTRY 
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Research 
Horizons 


“Molecular” 
Circuitry 


Several papers at the 1959 IRE Na- 
tional Convention reflected the highly 
active research field in evaporated thin- 
film materials and_ solid-state tech- 
niques for microminiature circuits, vari- 
ously called microcircuits, molecular 
circuits and even “glob” circuits. 

e A “state-of-the-art” review by 
David Wm. Moore, Applied Research 
Laboratory, Servomechanisms _ Incor- 
porated, El Segundo, California, dis- 
cussed the preparation of thin films of 
conducting, magnetic and dielectric 
films to show the basis for the lami- 
nated film form of microcircuit, and 
illustrated methods by which film mate- 
rials with stable electrical and mechan- 
ical properties can be deposited. Exam- 
ples of the preparation of nickel-iron 
films with low coercive force and square 
hysteresis loops; dielectric films of 
aluminum oxide having good high tem- 
perature characteristics; and deposited 
nickel chromium alloy conducting films 
with stable resistance values were 
shown. 

e Techniques were presented for 
utilizing the interaction of magnetic 
domains in thin nickel-iron films for 
the derivation of logic and memory 
functions for digital computers. This 
type of domain action is seen as pro- 
viding almost “unlimited possibilities” 
for the solution of the logical problems 
inherent in binary computation. 

e The solid-state microcircuit, utiliz- 
ing energy gap phenomena, usually in 
semiconducting materials, was analyzed 
as a means for obtaining a solution to 
electronic circuitry problems. 


High-Temperature 
Acrylic Plastic 


Heat-distortion temperature of 244 to 
252 F (at 264 psi), a flexural modulus 
of 415,000 psi, and an impact strength 
(Izod, notched) of 1.0 ft-lb/ per in. are 
the salient properties of a develop- 
mental acrylic-type polymer (PI-12) 
announced by J. T. Baker Chemical 
Company, Phillipsburg, New Jersey. 
The combination of thermal properties, 
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stiffness and impact resistance indicate 
potential use in structural and mechani- 
cal parts such as housings and gears. 


Silica Gel Stress-Free 
Potting Compound 


An experimental jelly-like silicone pot- 
ting compound has been developed by 
Dow Corning Corporation, Midland, 
Michigan, for general electronic as- 
sembly applications. Outstanding char- 
acteristic of this new material (identi- 
fied as XF 1-0042 Dielectric Gel) is its 
freedom from. stresses throughout a 
wide operational temperature 
(see stress curve, Fig. 1). 


range 


Modified 
1600 .. epoxy resin 
a !1400F- 
1200 F 
1000 + 
800 }- 
600 F 
400 r 
200 F 


potting stress ,p 


Mox 


Silicone gel (XF -/0042) 


80 60 40 20 O -20 -40 -60 
Temperature , deg C 





Fig. 1--Potting stress vs temperature 
curves for silicone gel compound and 
epoxy resin compound. 


Fig. 2—Test probes penetrate the sili- 
cone gel to contact component part 
leads. When probes are removed, the gel 
seals itself completely. 


The gel is a “self-healing” water- 
white liquid; consequently, potted as- 
semblies can be visually inspected and 
instrument probes can be inserted 
through the gel and easily removed 
(see Fig. 2). Applications are also in- 
dicated for impregnating various devices 
and components, such as magnetic am- 
plifiers and capacitors. 

Optimum curing schedules depend on 
nature of application. Typical cures 
are 40 C for 48 hr, 75 C for 4 to 6 hr, 
and 150 C for 30 min to 1 hr. 


Human Engineering 
Concepts and Theory 


An intensive two-week course under 
this title is planned for August 10 to 
21 as part of the University of Michi- 
gan’s Engineering Summer Conference 
Program at Ann Arbor, Michigan. Paul 
M. Fitts will be director, assisted by 
University staff members and guest lec- 
turers. The field of human-factors en- 
gineering will be covered in a sys- 
tematic and organized manner: 

e The man-machine system view- 
point will be presented with an overall 
analysis of human capabilities and lim- 
itations, in comparison with the capa- 
bilities of machines; 

e Problems of human engineering 
will be given in a system context, in- 
cluding personnel system considerations 
in system design. 

e Topics will include a summary of 
the present status of human perform- 
ance theory, including such abilities as 
signal detection and discrimination, in- 
formation handling, decision making, 
controlling and monitoring, and human 
reliability. 

e Specialized topics such as the de- 
sign of complex information displays, 
the application of quickening and aid- 
ing to human control systems, design 
for maintainability, and unique design 
problems such as space flight will be 
dealt with briefly but intensively. 


Servomotor 
Control System 


A control system for automatic posi- 
tioning of a motor-actuated vapor valve 
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Research 
Horizons 


operable under severe environmental 
conditions is disclosed in U.S. Patent 
No. 2,864,042. The application ex'sts in 
apparatus used for separating isotopes 
by electromagnetic means. The rotor 
for turning the valve comprises two 
coils mounted mutually perpendicular 
to each other and also perpendicular to 
the magnetic field of the isotope-sepa- 
rating apparatus. The coils are supplied 


wiltesearch Note 


& Chemically Cross-Linked 
Polyethylene 


Conventional polyethylene is a thermo 
plastic material with a low softening tem 
perature range (105-112 C). This prop 
erty has limited the use of polyethylene 
where current overloads and short circuits 
may be encountered. The thermal defi 
ereney of polyethylene ean be overcome 
by altering the molecular structure by 
irradiation or by chemical means. 

e@ The development of Vulkene by the 
Electric 
practical and economical method of proc 


General Company provides a 
sing, extruding and chemically cros 
linking polyethylene compounds. The ma 
terial (classed as a thermosetting type) 
consists at present of polyethy'ene re 
inforced with a thermal carbon black and 
cross-linked by means of an organic per 
xide, It is applied to a conductor with 
conventional extruder equipment = end 
cross-linked under steam pressure similar 
to the process used to vulcanize rubber 
compounds, The combination of mechan 
chemical and electrical 
indicates that this 


should have many wire and cable uses 


ical, thermal 
properties material 

© The tensile strengths of conventional 
polyethylene and neoprene are only slight 
ly lower than Vulkene at room tempera 
ture. However, there is a substantial dif 
ference between Vulkene and neoprene 
when compared with polyethylene above 
100 C. Polyethylene has no _ tensile 
strength above the softening point (105- 
112 C), whereas Vulkene and neoprene 
have tensiles of approximately 500 psi 
at 150 C, which is a distinct advantage 
when cables are required to operate at 
elevated temperatures. 

@ Heat deformation of various insula- 
tions on #14 AWG solid wire with %4- 
in. insulation tested in accordance with 
ASTM D-734-50T with a 500-gram test 
load is given in Fig. 1. Vulkene shows 
only 20 per cent deformation at 130 C, 
with 35 per cent for general purpose PVC 
and complete flow for linear polyethylene. 

@ Resistance to overloads and_ short 
circuits is an important characteristic of 
Vulkene. Two #6 AWG conductors, one 
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with both a-c and d-c current by asso- 
ciated control circuitry. A position 
control is provided for varying the ratio 
of the a-c currents in the coils and, at 
the same time, but in an inverse man- 
ner, the ratio between the d-c currents 
in the coils is varied. The magnitude of 
the motor torque is constant for all 
valves of the rotor orientation angle. 

This patent has been recently re- 
leased by the U.S. Atomic Energy Com- 
mission on a _ non-exclusive, royalty- 
free basis. 


Electrostatic 
Memory Device 


An improved electrostatic memory sys- 


tem for a digital computer (U.S. 


Patent No. 2,853,695) adapts a plural- 
ity of storage tubes to operate in 
either of two possible modes. Dupli- 
cate storage tubes are provided for 
each denominational order of the sev- 
eral binary digits. A single discrimi- 
nator system is provided between 
corresponding duplicate tubes to de- 
termine the character of the informa- 
tion stored in each. If either tube 
produces the selected type signal. 
corresponding to binary “1” in the 
preferred embodiment, a “1” is re 
generated in both tubes. In one mode 
of operation each bit of information 
is stored in two corresponding tubes. 
while in the other mode of operation 
each bit is stored in only one tube in 
the conventional manner. (An AEC- 


New Developments in Polyethylene 





insulated with conventional polyethylene 
and the other with Vulkene, were placed 
in a wooden trough to minimize air cur- 
rents with a constant current of 220 amp 
flowing through the conductors. The am 
bient temperature was 25 C. The tempera 
ture was measured on the surface of the 
insulation at various intervals. The poly- 
ethylene softened after 4 min (128 C), 
flattened after 6 min (162 C), blistered 
and smoked after 8 min (181 C) and 
flowed with the formation of large blis 
ters after 17 min (223 C). The Vulkene 
insulation remained essentially unchanged 
even after 77 min. 

@ Long-time heat-aging tests at 113 C 
and 121 C 
the heat resistance of Vulkene. Insulated 
wire samples were immersed in 50 C tap 
water for 168 days to determine the mois- 
ture resistance and electrical stability under 
accelerated conditions (see Fig. 3). The 
stability of dielectric constant and insu- 
lation resistance after long-time immersion 
in water is indicated. 

@ The cross-links between the molecu- 
lar chains in polyethylene and the addi- 
tion of a reinforcing agent contribute 
greatly to Vulkene’s excellent resistance 
to abrasion and impact crushing. 

@ Summary. Present Vulkene  com- 
pounds admittedly do not equal the elec- 
trical properties of conventional _ poly- 
ethylene; however, they are comparable, 
and the overall properties are superior to 
many thermoplastic and thermosetting in- 
sulations used in a wide variety of appli- 
cations. Significant advantages can _ be 
realized with Vulkene in installations in- 
volving one or more of the following con- 


(shown in Fig. 2) indicate 


ditions: (1) overloads and short circuits; 
(2) high ambients; (3) 
solvents and chemical reagents; (4) abra 
sion and impact problems; (5) low tem 
perature operation, particularly in case= 
where the cable may be subject to im 
pacts, 


exposure to 


> Flame-Retardant Polyethylene 


Most of the approaches toward flame 
retardancy in polyethylene have usually 
resulted in a considerable sacrifice of 
other inherently desirable characteristics 
of polyethylene, either physical, electrical. 
or both. About nine years ago the re- 
search division of the Diamond Alkali 
Company, in collaboration with the Rome 
Cable Corporation, undertook the devel 
opment of flame-retardant polyethylene 
formulations that would maintain a maxi- 
mum of original polyethylene character- 
istics—especially those properties having 
a particular significance for insulation or 
jacket on wire and cable. The first requi 
site, therefore, was to retain to a maximum 
degree the desirable characteristics of 
polyethylene. 

@ Since a flame-retardant additive com- 
position consisting of a mixture of chlo- 
rinated paraffin and antimony trioxide ap- 
peared to be most effective for preparing 
flame-retardant textiles, this combination 
was investigated for the production of 
flame-retardant polyethylene for use in 
wire coatings. A satisfactory performance 
record of several years has been obtained 
on various wire and cable applications in- 
volving these coatings. These include 600- 
volt rated distribution — circuits 
wherein the insulation and sheath were 
formed from a single extrusion, and the 
individually rubber- or thermoplastic-in- 
sulated conductors were jacketed with 
flame-retardant polyethylene. 

e@ It was found desirable in these appli 
cations to incorporate a small percentage 
of butyl rubber (GRI) in the compound 
to retain the desired specified initial and 
aged elongation properties together with 
the required low-temperature performance. 
Increased resistance to stress cracking 
without harmful effects on cost, extrusion, 


power 
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released non-exclusive, _ royalty-free for the fiscal year 1958 are summarized A summary report on “High-Fre- 
patent. ) in “Research Highlights of the Na- quency Gallium Arsenide Point-Con- 

tional Bureau of Standards,” NBS tact Rectifiers,” by W. M. Sharpless, 
Superconducting Alloy Miscellaneous Publication No. 226, appears in the January 1959 issue of 
for Cryotron Devices 138 pages, available from Superin- The Bell System Technical Journal. 
tendent of Documents, U.S. Govern- Ihe paper describes some recent work 
eae Se ment Printing Office, Washington 25, in which single-crystal gallium arsen 
tal computer circuits is a new vana- D.C., for 45¢ per copy. Scientific ide, with resistivity adjusted to fit the 
dium-base alloy described as exhibiting studies, laboratory experiments, instru application, is used for point-contact 


unusual superconducting properties. As ment developments and technical pub- rectifiers which operate efficiently as 
revealed in U.S. Patent No. 2,857,268 


(also AEC released), the alloy con- 
sists of approximately one atomic per 
cent of palladium, the balance being 
vanadium. 


Indicated for use as a cryotron in digi- 


lications are described. The relation- frequency converters at frequencies as 
ship of the Bureau’s activities to ihe high as 60 kme, and for switching 
needs of space environments are of diodes which show no minority carrier 
increasing importance. These  activi- storage effects for switching time of 
ties are noted particularly in the areas the order of 101° see. The devices 
of ultrahigh temperature ccatings. will operate over a considerable range 
metals and alloys, telemetering equip- in temperature. anf 35. 
ment, and new and improved measur- aa 


Capsule Notes on 
Research Reports 


Research and development prog:ams ing methods and equipment. Turn page for more Research Notes—> 


moisture resistance, electrical character- e@ In long-time accelerated — electrical and improved deformation characteristics 
istics and flame retardancy also was ob- moisture absorption tests extending up to of high-density polyethylene. Addition of 
tained. 5 years in water baths maintained at 50 butyl rubber was practicable; beneficial 
@ To determine the general flammabil- C and 70 C, all flame-retardant com- results were obtained as with the flame- 
ity characteristics of flame-retardant poly- pounds exhibited completely stable char retardant lower-density compounds, 
ethylene, the test method described unde acteristics equivalent to — conventional H.E.B. 
ASTM 0635-44 was used to evaluate a polyethylene. A significant, though still 
series of flame-retardant compositions in une*plainable, result) was obtained — in Acknowledgment: This report is based 
sheet form. A summary of the data ob- electro-osmosis tests wherein the insulated on two papers: “Chemically Cross-Linked 
tained is shown in Fig. 4. wire (size 14 AWG solid ‘4. in.) tect Polyethylene,” by E. R. Kerwin, General 
The flame-retardant polyethy'ene com- specimens were permanently energized Electric Company, Wire & Cable Depart- 
pound was based upon a formulation con- with 600 volts d-c with both negative and ment, Bridgeport, Conn.; and “Flame 
taining 32 per cent loading with an equal positive polarity. After two years’ im Retardant Polyethylene for Wire and 
ratio of chlorinated paraffin to antimony mersion at 70 C some water line-failures Cable,” by R. C. Graham, Rome Cable 
trioxide. Tests were conducted using dif- were obtained on conventional polyethyl Corporation, Rome, N. Y., and C. A, 
ferent types and grades of polyethylene ene, but no failures of any type were Neros, Diamond Alkali Company, Paines 
with and without approximately 3.5 per obtained on the flame-retardant polyeth ville, Ohio. Both papers were presented 
cent butyl rubber content. Loadings up ylene (incorporating butyl rubber) insu at the Seventh Annual Symposium = on 
to 26 per cent exhibited some further im- lated conductors. Technical Progress in Communication 
provement in flame resistance without ap e A limited study has been made on Wires and Cables, Asbury Park, New 
preciable change in physical or electrical making high-density or linear polyethy| Jersey, December 2-4, 1958. 
properties, However, with further sub- ene flame retardant. Resulting compounds 
stantially higher loadings, the stability of were, if anything, an improvement over General Reference: See “Developments 
the desirable characteristics of flame- the lower-density polyethylene compounds. in Polyethylene Insulation,” Alex. E. Javitz, 
retardant polyethylene composition may These results were probably due to the March 1957, ELecrricAL MANUFACTURING, 
be decreased. inherently higher softening temperature p 108. 
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Research Note 


Recent High-K Capacitor Developments in 


IN FRANCE, as in other countries, the di- 
electric of so-called high-K ceramic capaci- 
tors is basically constituted by mixtures of 
litanates, zirconates and stannates of alka- 
jine-earths, mainly barium. 

These mixtures feature a high dielectric 
constant (from 500 to 20,000), generally 
speaking highly variable vs temperature; a 
fairly high power factor (from 20 to 250 
* 10°); and a reliability at high tempera- 
tures less than for medium-K dielectrics. 

To take advantage of the high dielectric 
constant of these materia!s, it is necessary 
not only to stabilize the variations of the 
dielectrics, but also to increase the reli- 
ability of capacitors at high temperatures 
by increasing the value of the electric field, 
or by trying to achieve fairly suitable power 
factor at low frequencies. 

@ Stabilization of Dielectric Constant. 
Iwo classical methods have been tried: 

1. Mixtures of calcines of Ba-Sr titanates 
with Curie points distributed between 

50 C and +60 C, fired with an addition 
of fluxes and stabilizers such as MgO in 
order to avoid a reaction with the calcines 
involved, The flatness of the curve / 
(@°) is fairly suitable, but the firing is 
very critical, depending on the nature of 
the raw materials. 

2. The addition of bismuth compounds 
to some mixtures has enabled us to obtain 
a spread of the curve { (0°) between 
two extremes (I and II in Fig. 1) accord- 
ing to the nature of the compounds and 
the firing condition. The industrial ad- 
vantages of these mixtures reside in the 
fact that either one of these types of curves 
may be obtained by an adjustment of the 
firing process. The high power factor at 
vhf has been lowered by additions of 
pentavalent oxides, as shown in Fig. 2. 

@ Dielectrics for 200 C. Two develop- 
ment targets are: 

1. Following the experimental procedures 
mentioned above, a curve / (0°), sta- 
ble at 4-60 
between 


20 per cent of a mean value 
60 C and +4200 C, has been 
obtained (Fig. 3). The basic elements are 
Ba and Pb titanates with trivalent and 
pentavalent oxides. The calcining and the 
firing operations are of paramount im- 
portance—at least as important as_ the 
materials involved. 

2. Use for a long period at 200 C is one 
of the classical variations of reliability of 
dielectrics stable at 85 C since, the tem- 
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perature being higher, the mobility of ions 
is more important and the destructive 
phenomena are faster. 

@ Miniaturization and Transistorization. 
Thin sheets, O.l-mm thick or less, are 
obtained by laminating and casting and 
are used in flat-shape or helically wound 
capacitors. The maximum capacitance is 
of the order of 75,000 wxuf per sq cm and 
features a stability of +60—20 per cent 
between —10 C and +60 C. A better sta- 
bility can be achieved, but at reduced 
capacitance per unit area. 

Attempts to reduce this thickness are 
not planned, because 0.05 mm corresponds 
to the maximum size of blemishes such as 
air bubbles and various inclusions. 

@ Reliability. Statistical data of break- 
downs in life test at 1000, 1500, and 2000 
volts d-c for 0.3-mm dielectrics at 85 to 
200 C, as well as systematic study of in- 
sulation temperature and 
time, have given the following results: 

1. The leakage current of a “good” di- 
electric decreases gradually with time in 
the conditions of use prescribed. The criti- 
cal working conditions correspond to a 
curve R f(t), flat or ascending. It is 
possible, for a given temperature, to ob- 


resistance vs 


tain one of several curves according to the 
voltage, and reciprocally. This phenomenon 
is reproducible after a certain period of 
rest. 

2. It is believed that the physical cause 
is a migration of the crystal ions between 
the electrodes, or of the ions of vitreous 
phase between grains, or of defects of the 
lattice. After a certain time, the potential 
distribution within the dielectric has lost 
it homogeneity, the electric field increases 
in the vicinity of the electrodes and may 
reach millions of volts/mm. When _ the 
voltage is nil, the thermal noise levels the 
migrating agents, this phenomenon taking 
place faster when temperature is higher. 

3. Within the first hour of their being 
submitted to various voltages above usual 
working values, a scintillation phenomenon 
may appear which may be attributed to 
the burning of the silvered margin. Further- 
more, near the Curie point of the material, 
the changes of the crystallographic struc- 
tures of grains may appear as a random 
increase in insulation resistance. 

e Generally speaking, the behavior of 
dielectrics shows noticeable improvement 
if care is taken to observe the following: 
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a. Alkaline-free metallic oxides should be 
used. 

b. Small additions of ZrOe should be 
employed in place of TiOs. 

c. Fineness of the particle size of the 
powders should be highly controlled with 
extended ball-milling in alkaline-free mills. 


d. Special care should be taken to avoid 
the introduction of iron oxide from the 
shaping machinery. 

e. Mixtures with organic binders should 
be as homogeneous as possible. 

f. The firing program should be adjusted 
to check grain growth. 

g. Great care should be used in metal- 
lizing, soldering and potting operations. 

One mixture (No. 127 C) has been on 
life test for 2000 hr at 150 C, under an 
applied voltage of 5000 volt/mm. 

@ Our last objective is to extend the use 
of high-K dielectrics to very low frequen- 
cies. This field is rather complex; effective- 
ly, certain aspects of the leakage current, 
when submitted to d-c voltages, are still 
noticeable at power line frequencies, thus 
increasing the power factor. 

When examining a family of high-K 
mixtures, we noiice that the power factor 
at vif is higher when the insulation resist- 
ance at high temperature (and life test) is 
lower. As a practical result, we have main- 
ly studied the working at 50 cps under 
high electric field stress. The best dielec- 
trics thus found are used for manufactur- 
ing interference suppressor capacitor units 
(e.g., 5000-10,000 “uf under 280 volts rms 
working at 50 cps and 1800 volts rms test 
voltage), maximum permanent rated tem- 
perature of 120 C; and high-voltage, low- 
capacitance units for equipment used in 
power distribution—for instance, 500 wef, 
1000 uwuf and 5000 wuf under 20 kv, 30 kv 
and even 120 kv rms test for series mount- 
ed units (voltage dividers, control equip- 
ment, etc.). 

J. PEYSSOU 
COMPAGNIE GENERALE DE T.S.F. 
Puteaux, France 


Acknowledgment: Adapted from a paper 
originally published in the Proceedings of 
the International Symposium on Electronic 
Components he!d at Royal Radar Establish- 
ment, Malvern, England, September 25-26, 
1957. 
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MERCK HAS 
ALL FOUR FORMS OF 


ilicon 


IN PRODUCTION QUANTITIES 


For additional information on specific applica- 
tions and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 
i Al-1, Rahway, New Jersey. 


MERCK DOPED SINGLE CRYSTAL SILICON—offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either ‘‘p” or “n’”’ type with resis- 
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches. 


NOTE: Doped single crystals in other diameters, resistivities, or lifetimes not listed above can be 
furnished as specials 


MERCK HIGH RESISTIVITY “P” TYPE SINGLE CRYSTAL SILICON —offers float 
zone single crystals of a quality unobtainable by other methods. Available 


“ 


with minimum resistivity of 1000 ohm cm. “p” type and a minimum lifetime 


of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches. 


MERCK POLYCRYSTALLINE BILLETS—have not previously been melted in. 
quartz, so that no contamination from this source is possible. Merck guar- 
antees that single crystals drawn from these billets will yield resistivities over 


‘ 


50 ohm cm. for ‘“‘n”’ type material and over 100 ohm cm. for “‘p’’ type ma- 


terial. Merck silicon billets give clean melts with no dross or oxides. 


MERCK POLYCRYSTALLINE RODS — are ready for zone melting as received... 
are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 8% to 10% inches and in diameters of 18 
to 20 mm. Smaller diameters can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 
resistivity of 1000 ohm cm. “p” type with minimum lifetime of 200 micro- 


seconds or the material can be doped by user to his specifications. 


© Merck & Co, inc 


ULTRA-PURE \ e 
Jilicon—a product ofp MERCK 


BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 
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WHICH 
PRESSBOARD 
INSULATION 
IS BEST? 


Full Line of Low-Cost West Virginia 
Boards Simplifies Selection 


Uniform quality, higher dielectric 
characteristics and wide choice of 
thicknesses make these board: 
outstanding money savers for 
cost-conscious design engineers. 


PRESSITE 


For Air... Oil... Askarel Transformers. 
An absorbent, unsized board of 100% 
virgin kraft stock free of metallic parti- 
cles. Excellent dielectric, physical and 
chemical properties. Thicknesses: .031" 
to .250". Color: natural kraft. 


ELECTRITE 


Harder Board for Variety of Punchings. 
A high grade board treated with natural 
rosin size for moisture resistance. High 
tensile strength. Punches clean. Thick- 
nesses: .031" to .250". Two colors: brown 
and black. 


DENSITE 


Extremely Hard Board . . . Sized or Un- 
sized. Used by many manufacturers to 
replace more costly types of insulation. 
Thicknesses: .031" to .125". Color: 
natural kraft. 


Write: Board Products Sales, West 
Virginia Pulp and Paper Company, 
230 Park Ave., New York 17, N. Y. 


Y West Virginia 
Pulp and Paper 
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Pius or Minus 


Random Comments of the Editors and Readers 


Wanted: 
An Atmosphere for Einsteins 


Dr. Wernher von Braun addressing the 
National Military-Industrial Conference 
in Chicago on April 7: 


“We should, in my opinion, substan- 
tially basic and supporting 
research programs which extend beyond 
the immediate defense need. A great 
deal of engineering effort has gone into 


increase 


the exploitation in recent years of the 
science. But we have 
reached that point where the well of 
fundamental knowledge in the natural 

fences is about exhausted and pitifully 


discoveries of 


few people are trying to refill it. Soon 
we must reach the stagnation point if 
everyone continues to take out what he 
can use and does nothing about replen- 
ishing the source. . . 

* .. 1 do not know of anything more 
important in the long run for science 
than to create the kind of environment 
that produces Einsteins. Actually this 
takes very littlhe—just a room, a few 
pencils and no telephone. I am _ con- 
vinced that the real breakthroughs will 
come from people who are free to follow 
their curiosity 


without being tied to 


specific projects.” 


Electronic Standards 
for Industrial Equipment 


To the Editors: 

In the August 1958 issue of ELecrrt- 
CAL MANUFACTURING you published 
“Ele tronic Standards for Industrial 
Equipment,” issued by the Plant Engi- 
neering Electronics Committee, General 
Motors Technical Center, Detroit, Mich. 

I would like to call to your attention 
Par. EL4.6 titled “Printed 
and to Table Il therein. According to 
this table. a 14-in. wide band of 2-0z 
copper on XXXP phenolic is to have 
an operating current of 3 amp. This is 
not the accepted industrial standard, 
nor is it a reasonable facsimile thereof. 


Circuits” 


| am referring to Taylor Fibre’s copper 
clad laminate, Engineering Data File 
CU-246; and to Photo Circuits Cor- 
Infor- 
Elec- 


General Engineering 
Printed 
Assemblies. 


General practise uses 8 to 10 times 


poration, 
mation re Circuits in 


tronic 


the normal current allowed in Table II 
of Par. EL4.6. Will you please endeavor 
to clarify this matter for me? 
W. E. Levine 
Research & Development 
Epwarps Company, INc. 
Norwalk, Conn. 


4 member of the Process Develop- 
ment Staff, GM _ Technical Center, 
Detroit, Michigan replies: 

You are quite correct that our rating 
for printed circuits is approximately 
49 that shown in your data sheets. At 
the time this standard was adopted in 
General Motors, the subject was dis- 
cussed at considerable length. The fig- 
ures we adopted were those which the 
E.I.A. advised that they intended to 
adopt. 

Further, we felt that the:e current- 
carrying capacities were adequate, in- 
asmuch as the electronic circuits for 
industrial equipment in our operation 
never reach these amperages. They are 
always in control circuits and the cur- 
rents are in milliamperes. 

General Motors is represented on the 
E.1.A. Construction Standards Sub- 
committee and this representative ad- 
vised us that this subject was discussed 
at their recent meeting. They indicated 
that they saw no reason for these read- 
ings to be changed. 

Inasmuch as we do not use printed 
circuits for heavy current-carrying ca- 
pacities, we feel that this is adequate 
for the use intended. 

J. Q. Hotmes 


Newsletter 
From England 
Cc. E. RICHARDS 


38 Deacons Hill Road 
Elstree, Hertfordshire, England 


The Physical Society has just held the 
1959 Exhibition larger and perhaps 
better than ever, though this was hard 
to judee because the crowds were so 
dense that many of the more interest- 
ing things could only be seen through 
The current techni- 
que used by the Society of dispersing 


milling humanity. 


among ihe 
does not 


de -elopments 
exhibits 


really new 
more commercial 
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ANIFORM UNIFORM 


ICKERS. 
SILICON POWER RECTIFIERS 


SOUND ENGINEERING © PRECISE MANU- 
FACTURE © THOROUGH TESTING 
assure 


GREATER RELIABILITY © CONSISTENT 
QUALITY *« LONGER LIFE 4 LES OS? 


Every Vickers Silicon Power Rectifier offers the same excellent 
operating characteristics: extremely low reverse current and for- 
ward drop; stability at high temperatures; greater economy, with 
current ratings as much as 25% above other rectifiers of similar 
size and price. 

This uniformity is achieved through stringent manufacturing 
and quality control techniques, with “‘surgical’’ cleanliness at every 
stage of production. Uniformity in manufacturing produces higher 
yield of perfect rectifiers at minimum cost to you. Uniformly high 
product quality means exceptional reliability—low maintenance 
costs. 

For complete information on Vickers Silicon Power Rectifiers, 
available in 2, 8 and 12 ampere sizes, contact the sales engineering 
office below, or write for Series 3300 Bulletins. 


CATALOGUE NUMBERS 


; DIMENSIONS 
VOLTAGE 1> amperes | 8 AMPERES 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET -«- SAINT LOUIS 3, MISSOURI 


Sales st. Louis—Céntral 1-5830 CHICAGO—JUniper 86-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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DC-DC CONVERTER 
All items Designed for 13.6V. Except 8034 which is for 


M8034 
M8035 
M8036 
M8037 


Number 


28V input 
TYPICAL DC-DC CONVERTER 
CIRCUIT 


C.T. Full Wave 


125 

125 
40 
22.5 


TRANSISTOR 
OUTPUT 


Frequency Response 
200-15,000 ~ 
See catalog for case size 


M8008 P.P. Output to Spkr 
M8007" P.P. Auto Transf 
M8009 PP. Output to Spkr 
M8010 P-P. Coll. to Servo 
M8011 P-.P. Output to Spkr 
M8012* PP. Coll. to Servo 
M8013" P.P. Output to Spkr 
M8014 PP. Output to Spkr 
M8015 P.O. Coll. to Servo 
M8016 P.O. Output to Spkr 


48 CT 
120C.T 
125C.T 
140C.T. 
250 C.T 
400 C.T 
1,600 C.T. 
2,550 C.T 


“Bi-Filar wound to minimize switching transients 


SILICON RECTIFIER 


Power Supply 


Circuitry Primary 105/115/125 Volts**. 
Hermetic sealed to MIL-T-27A 
See Catalog for additional information. 


TRANSISTOR DRIVER 


Designed specifically for 
transistor, servo 
and audio 
Frequency response 70-20K 
Size AF mill through AH Hermetically 
sealed to MIL-T-27A 
EPOXY MOLDED See catalog for exact sizes and weights 


ON SPECIAL 
ORDER ONLY 


M8002* Coll. to P.P. Emit. 560 
M8003" Coll. to P.P. Emit. 625 
M8004 Coll. toP.P.Emit 5400 600C.T. 
M8005 Coll. toP.P.Emit. 7,000 320C.T 
M8006 Coll. to P.P. Emit. 10,000 6,500 C.T 


*Bi-Filar wound to minimize switching transients 


400 C.T 
100 C.T 


LOW LEVEL CHOPPER 


Efficiently transfers 30 to 500 cps. Trans 
ducer or Thermocouple signals to instru 
ment amplifiers. Signal level range from 
5yV. to .5 volts) Resin impregnated to 
minimize mechanical vibration noise sig 
nal. Low hum pick up assured by 3 mu 
metal and 2 copper shields. 


imped. o' 
Full Pri. 
@ 5V 


ind. 0 

Turns Ratio Full Pri. 

Full Pri. Ve Pri. @ SV 
60 Cycles 


1:15.4 175 
1:64 60 Hy 


Jn“ 1H0 45 
M8026 455 3500 900B 1284, 1340 45 


ULTRA MINIATURE 
TRANSISTOR 


Wt. .08 oz. size ¥%" x ¥%"' x 1/52 
Nylon Bobbin, Nickel-Alloy Core. 4° color 
coded leads, resin impregnated. 





appeal to me. In the old days there 
was a back room in which were gather- 
ed all the really new things, including 
many of the string-and-sealing-wax var- 
iety which showed the way progress 
was being made. These are now diffi- 
cult to find except in Government 
Establishment and University exhibits 

- and there are not many of these. 

The dominating theme. if there was 
one, was computers and computer com- 
ponents, but the vast majority of items 
was of specialist interest. 

British Scientific Instruments Re- 
search Association pursues its course 
of applying pneumatics to instruments, 
including pneumatic bearings and non- 
contact gaging instruments. 

Plessey’s exhibit featured 
high-value barium titanate capacitors. 
To make these, thin sheets of barium 
titanate powder, bonded with resin and 
coated with palladium paint, were 
compressed into stacks and fired. The 
method is expensive and is still under 
development. 

Services Electronic Research Labora- 
tories showed a parametric amplifier 
(so did one or two others). Electric 
motors rotating small mirrors at 
100,000 and 200,000 rpm were shown 
by Atomic Weapons Research Estab- 
lishment. A remarkable little micro- 
scope weighing 18 oz and measuring 
4 x 2% x 2 in. but with magnification 


some 


(Continued on page 228) 


Encapsulated on special order 


Rectifier Circuit 
MS. C.1.** 
Full Wave 





Part Primary 

1 Number impedance (D. C.) 
3 Input 100,000 

3 t ts Driver 20,000 

! . Driver 20,000 

; 3 Output 1,000 

1 Output 400 

Output 400 

Output 400 C.T 
Choke 10 Hy. (Ode) 8 Hy (.5 ma) 650 


company, inc. 
Eos) MINEOLA AVE 


Circle 111 on page 17 


Secondary 


Strength as the paramount parameter of 
metals is the theme of the cover com- 
position. Background chart is a strength 
curve for 17-7 PH stainless steel. Sur- 
rounding it are three basic crystal struc- 
tures common in metals, The relationship 
of basic metal characteristics and be- 
havior to design is discussed in this 
month’s special Basic Science and Engi- 
neering article, “Key to Metals in Design 
Engineering,” starting on page 123. 


**DC output volts stated are for resistive or 
inductive loads. Capacitor imput may be 
used if RMS AMPS is not exceeded 


VALLEY STREAM, N.Y 
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OPEN OUT FOR CONVENIENCE 


Electrical 
Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding ye published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
taboratory. 


Cards will be processed by publisher 
if received by July |, 1959 


3% 
EESRRSSEREESEREERES 
BZSPRSRRISRSES Ss 
SRPESISSS SRE S 
SESSRESSER SSS SS SSFEB 


S3FsRSRER Es 


IN CHECKING INQUIRY CARDS 


Advertised Products 


Circle key numbers of those advertisements if 
you somes more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 246. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 230. 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 213. For Special Reprints, see 
Order Form on page 222. 


513 530 547 564 S81 598 615 | 632 649 666 683 
514 531 548 565 582 599 616 | 633 650 667 684 
515 532 549 S66 583 GOO G1? | 634 651 668 685 
516 533 550 567 584 601 618 | 635 652 669 686 
517 534 551 568 585 602 619 | 636 653 670 687 
518 535 552 S69 S86 603 620 | 637 654 671 688 
519 536 553 570 S87 604 621 | 638 655 672 689 
520 537 554 571 S88 605 622 | 639 656 673 600 
538 555 572 589 606 623 | 640 657 674 691 
539 556 573 590 607 624 | 641 658 675 692 
540 557 574 591 608 625 | 642 659 676 693 
541 558 575 582 609 626 | 643 660 677 694 
542 559 576 583 610 627 | 644 661 678 695 
543 560 577 594 611 628 | 645 662 679 696 
544 561 578 595 612 629 | 646 663 680 697 
545 562 579 596 613 630 | 647 664 681 698 
546 563 580 597 614 631 | 648 665 662 699 
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PPRFISS RST IRS 
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Title 
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Street 


Principal Product Monufactured 





Inquiry Cards from any page in issue 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. t goes for both advertising 
and editorial pages. 

To provide a quick facility for requestin 
further information on anything mentione 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by July 1, 1959 


READER 
INQUIRY 
SERVICE 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 
NEW YORK 20, N. Y. 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 246. 


New Literature 
Latest catalog and bulletin offerings starting 
on page 230. 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 213. For Special Reprints, see 
Order Form on page 222. 


FIRST CLASS 
PERMIT NO. 45 
NEW YORK, N. Y. 
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OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 


READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 


BUSINESS REPLY CARD 
No Postage Stamp Necessary If Mailed in the United States 
POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 
NEW YORK 20, N. Y. 


READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 


BUSINESS REPLY CARD 
No Postage Stamp Necessary If Mailed in the United States 
POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 
NEW YORE 20, N. Y. 





EXPERT STEELMAKING PROVIDES 


IN ELECTRICAL SHEETS 


Electrical equipment is no better than the 
lamination steel used in its manufacture. At 


Acme-Newport quality control begins with the 


mo 
melting and continues through every stage of COMPANY 


rolling, annealing and processing. Only pre NEWPORT, KENTUCKY 


cision steelmaking can ensure perfect uniformity ACME 


in each punching, for maximum economy in A SUBSIDIARY OF STEEL COMPANY 


assembly and performance 


A basic steel producer now in its 74th year, 


Acme-Newport is well equipped to meet the Hot Rolled Steel in Coil 

Hot Rolled Pickled Steel in Coil 
Hot Rolled Sheets 

Hot Rolled Pickled Sheets 

Cold Rolled Steel in Coil (full hard only) 
Cold Rolled Sheets 

Alloy Sheets and Plates 

Plates (54," and lighter) 
Electrical Sheets 

Electric Weld Line Pipe 

Spiral Welded Pipe 


most stringent specifications 


Circle 112 on page 17 
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A lot at stake? 


Relay failures can be much more serious than inter- 
ruption of data recording... they can involve a big 
monetary loss or even loss of life. That's why 


| 


ane 


Male AC -lE-b ES 
and controls 


important equipment like Remington Rand Univac* 


ei 

| | 
systems depend on Adlake ... the relays ma “ | ; 
that are unaffected by dust, dirt, moisture 


or temperature changes. Hermetically 
sealed mercury-to-mercury contact 


is quiet, chatterless . . . can't burn, i ng 9 erste Section of 
; Adlake relays 
pit or stick. No. 1140, shown used in the 


here, is but one of four basic models eee Dee Remington 
P ,# ‘ Rand Univac’* 
designed to your control needs. Oma system 
g y ithe 
Send for free Adlake Catalog J- 8205 . hese 
943 Laboratories, 
Inc., makers of 


The Adams & Westlake Company, Elkhart, Ind. (Cllaks) Alka-Seltzer®. 


See us at Booth 1536, 
Design Engineering Show, 
Philadelphia — May 25-28 
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LIGHTER 


AND EASY TO ASSEMBLE 
WHEN DIE CAST WITH... 


The shade for this new KLIP-LITE* music stand is made of a single 

thin-wall zinc die casting—for light weight and low-cost assembly. 

As thin as a stamping but with far greater rigidity, the contours could 

not be duplicated in sheet metal # THE NEW EDITION 
By designing for die casting, only 4 holes are needed before spray ad OF 

finishing and assembling the socket-switch and mounting bracket. ay “THE END USES OF 
These extremely thin wall sections—possible only with ZINC die ° ZINC DIE CASTING” 

castings—minimize weight and are stronger in proportion to thickness S 

than heavier sections. 
Parts designed for ZAMAK alloy die casting will meet competition 

of either stampings or aluminum castings—and at lower cost. 


*Made by WIESE MANUFACTURING COMPANY —Davenport, lowa 


HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY i 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY = mane 
wens MEAS PODUC Ts 
160 Front Street - New York 38, N. Y. 
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Redesigning Contact Plunger 


Improves Strength 





Original plunger design 
(top) used brazed hinge 
piece; simplified by Mallory 
to produce the one-piece 
design (below) with better 


strength, lower cost. 
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Another example of how Mallory Contact Engineering helps manu- 
facturers get better contact performance plus savings in contact cost. 


Cuts Costs 20% 


Maybe there are some unnecessary production 
operations that go into your contact assemblies . . . 
adding to cost and often subtracting from service. 
Mallory contact engineers are expert at hunting out 
these production “‘bugs’”’ and exterminating them 
for you .. . with plenty of pay-off for you in per- 
formance and profit. Here’s a typical example. 


THE PROBLEM: the moving plunger in an oil circuit 
breaker has its body made of copper tubing to 
minimize mass and thus get fast operating speed 
and short arcing time. An Elkonite® 20S tip was 
brazed to one end. The hinge end consisted of a 
copper piece which was turned, milled and drilled 
and then brazed into the other end of the rod. The 
hinge was a source of trouble: tended to get bent, 
and the hole was elongated by high operating forces. 


THE MALLORY SOLUTION: Mallory engineers recom- 
mended a simplified design. Instead of attaching a 
separate hinge piece, they recommended forming 
the end of the tube to shape and drilling it. 


THE RESULTS: stronger, simpler construction. No 
brazed joint. High hardness ended hole elongation 
and bending, because the softening effect of brazing 
was eliminated and cold working during forming 
operation gave added hardness. Total plunger 
weight was reduced. Overall cost is 20% lower. 


Want us to see what we can do on your contact de- 
signs? Just write or call for a consultation. 


MATLorY 


. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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MALLORY CONTACT SERVICE GIVES YOU... 





Specialized Contact assembly methods. Resistance braz- 
ing, performed in this section of our contact assembly 
department, is one of the many techniques which our 
research has developed for the specialized problems of 
attaching contacts to backing members. By taking ad- 
vantage of our know-how in resistance brazing, furnace 
brazing and other joining methods, you get peak per- 
formance in your contact assemblies at lowest cost. 





Specialized Contact materials. Using X-Ray diffraction 
apparatus like this, and a host of other laboratory 
equipment, Mallory has developed through basic 
metallurgical research a complete line of contact metals. 
Many of these stem from our pioneering work in powder 
metallurgy. Included are heavy-duty Elkonites®, 
Elkoniums®, and many precious metal and copper 
alloys . .. a uniquely broad line to match any and all of 
your requirements. 
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For more than just a motor 


Solve your motor problems with 


You can make your job easier with Century 
Electric’s complete line of fractional-horsepower 
motors. Here’s how: 


Easy ordering—You save time because you get 
answers to all motor problems from one source. 
This means you don’t have to shop around for the 
motor you need. You name it—capacitor, jet pump, 


unit heater, oil burner, brake, gear—any one you 
want, and in all types of enclosures too. 


Fast shipments—From Century Electric’s com- 
plete stock you can get a motor for any standard 
application. In addition, motors are packed in 
sturdy boxes so if you reship you know they’ll 
arrive in good condition. 








Yee ee ee 








Century’s complete fractional line 


Application know-how —You want to be sure 
you have the right motor for the job. And if you 
need expert help, you can get it from your nearest 
Century Electric sales engineer. He knows motors 
inside and out because he sells, applies and thinks 
motors day after day. 


This is why you get more than just a motor 


from Century Electric. You get a quality product, 
fast answers and engineering application know-how 
on motors up to 400 hp—all from one source. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


qlie 
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GLASS-10-ME 


e Closures Oe 
g Single Lead Terminals Ape 


Plug-in Connectors Color Coded Terminals B-* oS 


Multiple Headers Custom Sealing Service | 


The E-I line provides designers with the versatility of the most complete 

Consult E-! for selection of standard seals in the industry. Proof of their dependable 

Complete Design- performance is the fact that E-I Seals were employed on the Atlas Missile 

Engineering Service Program . .. are specified for critical assignments industry-wide on both 
commercial and military equipment. 

: on your next Select your seals from the E-I standard line or ask E-I for quotations on 

Sealing Problem . . . custom sealing components of your own manufacture. Either way, E-I 

Sales Engineers engineers will work with you in meeting your sealing requirements, quickly 

Located in all and economically! 


Principal Cities . 7 ELECTRICAL INDUSTRIES 


A Division of Philips Electronics, Inc « MURRAY HILL, NEW JERSEY 


PATENTED IN CANADA, NO. 523,390; IN UNITED KINGDOM, NO. 734,583; LICENSED IN U.S. UNDER NO. 2561520 
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. Res. Res. Level 01-7 
. 00-7 DIT Mw. Ne. 
$50 815. 50 Ol-T1 


60 65 100 ObI-T2 
115° 110 =«100~—C«#-T3 
60 100 . 


115110 100 —OI-TS 


2 
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ssissiesigs 


00-7 MIL 
No. T lication 


DO-Ti  TF4RX13YY interstage 


ss 





00-12 TF4RX17YY Output 
00-13 =TF4RXI3YY Output 


g38igg88 





- 
n 


“00-14 TF4RX17YY Output - 

“D0-TS _TFARXI3YY Output 1200 
00-16 TFA4RXI3YY Output 10,000 1000 100 
00-T7 TF4RX16YY input 200,000 8500 25 
00-18 TF4RX20YY Reactor 3.5 Hys. @ 2 Ma. DC, 1 Hy. @ 5 Ma. OC 630 


____TF4RX20YY Reactor 2.5 Hys. @ 2 Ma. DC, .9 Hy. @ 4 Ma. OC ———“$302”—~C~“Ct:CS™CT 
00-T9 TF4RX13YY Output or driver 10,000 , 800 870 100 01-18 


ae 
nn 


CO] H | 8) we) Ow) woolen J 
bad 
nv 








DO-T10 TF4RX13YY Driver z 800 870 100 Obi-Ti0 
00-Ti1 TF4RX13YY Driver y 800 870 100 OB1-T11 


DO-T12 TF4RX17VY Single or PP output 





DO-T13 TF4RX17YY Single or PP output 


DO-T14 TF4RX17YY Single or PP output 


DO-T15 TF4RX17YY Single or PP output oe e 
BO-T16 TF4RX13YY Single or PP output 1000 CT 3.5 

1330CT 3.5_ 
D0-T17 TF4RX13YY Single or PP output 1500 CT 3 

2000cT 3 16 
DO-T18 TF4RXI3YY Single or PP output 7500 CT 1 

cc i ace 

DO-T19 TF4RX17vY Output to line 300 CT 7 = a 19 20 500 ODbI-T18 
DO-T20 TF4RX17YY Output or line to line 500CT 5.5 600 31 32 500 = =BI-T20 


00-121 TFARXI7YY Output to line g00cT 4 600 53 53 500 Ol-¥21 
00-122 TFARXI3YY Output to line 1500 CT _ 86 87 500 1-122 
00-123 TFARXI3YY interstage 20,000cT CT 650 615 100 oi-T23 
ccaiietiaaaselalh at ait arctica alin 
00-124 TF4RXI6YY input (usable for 200,000 CT 
sama aad I i innit 
00-125 TF4RXI3YY interstage 10,000 CT 1 
12,000CT 1 


DO-T26 TF4RX2uYY Reactor 6 Hy. @ 2 Ma. OC, 1.5 Hy. @ 5 Ma. OC 


TF4RX20YY Reactor 4.5 Hy. @ 2 Ma. OC, 1.2 Hy. @ 4 Ma. OC. _b1-T28 


00-127 TFARX20YY Reactor 1.25 Hy. @ 2 Ma. OC, 5 Hy. @ 1] Ma. OC ae 
TF4RX20YY Reactor .9 Hy. @ 2 Ma. OC, .5 Hy. @ 6 Ma. OC 1 01-127, 
00-126 TFARX20VY Reactor .3 Hy. @ 4 Ma. DC, .15 Hy. @ 20 Ma. OC : 
TFARX20YY Reactor .1 Hy. @ 4 Ma. OC, .08 Hy. @ 10 Ma. DC 01-128 


DO-T29 TF4RX17YY Single or PP output 120CT 10 
1s0CT 10 


DO-T30 TF4RX17YY Single or PP output 320 Ct 
“DO-T31 TF4RXI7YY Single or PP output 640 CT 
DO-T3@ TF4RX17YY Single or PP output 800 CT 
ee - ___1,000 CT 
PREQVERCT CELLS FUR SECOND 00-133 TF4RX13YY Single or PP output ood er 
ae meee 00-134 TF4RX13¥Y Single or PP output |+~—~—~«21,600 CT 
RES: BIS. "7 2,000 CT 
00-135 TF4RX13YY Single or PP output 8,000 CT 
i ic css eet 
00-136 TF4RX13YY Isol.or interstage | 10,000CT 1 10000CT 950 970 500 OI-136 
DO-TSH Drawn Hipermailoy shield and cover for 00-T’s, provides 25 to 30 db shielding, for DI-T’s BI-TSH 
tDCMA shown is for single ended wenn (under 5% distortion—l00MW—I1KC) . . . for push pull, OCMA 
can be any balanced value taken by .5W transistors (under 5% distortion—SOOMW—1KC) 
*DO-T units have been designed for transistor application only... not for vacuum tube service. Pats. Pend. 
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| UNITED TRANSFORMER CORPORATION 


150 Vorick Street, New York 13, N. Y. 


PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: “ARLAS” 
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precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 
possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department S for 
fullest information and helpful 
engineering assistance. 


M-1886-L4P 1885-6 


NEW “PADDLE” NEW THREADED 
HANDLE SWITCH PLUNGER SWITCH 
for any cap 


we 


CIRCLE F’s 

“Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 


CIRCLE F MFG. CoO. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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The world renowned firm of Secheron in Geneva 
has been using Natvar 400 tape to great advantage 


for years. 


The excellent electrical and physical properties of 
Natvar 400, its exceptional uniformity and ease of 
application, have made it the choice of leading 
manufacturers of electrical apparatus and equip- 


ment both in this country and abroad. 


If you are a user of flexible electrical 
insulating materials, it will pay you to 


getin touch with your Natvar distribu- 


tor or with us direct. 


3000 kva, 6300 volt,” 
3-phase alternator bui 
Secheron of Geneva for instal- 
lation in Angola. 


_ 
tv: 
Na - Products Coil ends are neatly wrapped 


Varnished cambric—sheet and tape bs with Natvar 400 extruded vinyl 


Varnished canvas and duck— tape for dielectric and mechan- 
sheet and tape : 

Varnished silk and special rayon— ical protection. 
sheet and tape 

Varnished papers—rope and kraft— 

sheet and tape 

Varnished, silicone varnished and 

silicone rubber coated Fiberglas* — 

sheet and tape 

Slot cell combinations, Aboglas® 

Isoglas® sheet and tape 


Isolastane® sheet, tape, tubing and 

sleeving 

Viny! coated and silicone rubber 

coated Fiberglas tubing and sleeving Cc oO we FP oO R AT : ON ee 
Extruded vinyl tubing and tape 

Styroflex® flexible polystyrene tape 


Extruded identification markers FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
*T.M. (Reg. U.S. Pat. Off.) OCF Corp TELEPHONE CABLE ADDRESS 
We will be h t ly int i " 
es cha idee FULTON 8-8800 NATVAR: RAHWAY, N. J. 
207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 
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Consider the compact windings possible with 


Phelps Dodge Square 
and Rectangular Film Wires 


that can improve insulation system designs, 


cut equipment size and overall costs ! 


ELECTRICAL MANUFACTURING 





FORMVAR 


Proved for Class A (105° C) use in 
many types of distribution transformers, 
motors and other electrical equipment. 


THERMALEZE’ F 


A polyester cyanurate film wire for 
use in Class F (155° C) insulation systems 
designed for thin film wire windings. 


When used under Daglas®, acting as a positive 
inorganic spacer, Formvar and Thermaleze” F 
give outstanding performances at Class F (155° C) 
and Class H (180° C) respectively. 


Phelps Dodge square and rectangular film wires 
also have these accepted advantages: 


Flexibility, toughness and good forming qualities 
for assembly. 


Better space factor (more turns in less space) 

that permits (a) reduction in equipment size and 
cost, or (b) increased power with same size 
equipment, when used in proper insulation systems. 


High dielectric, moisture-resistant films. 


Iny time your problemismagnetwire,consult Phelps Dodge for the quickest, surestanswer! 


FIRST FOR 
LASTING QUALITY 
FROM MINE TO 
MARKET ! 


MAY 1959 Circle 121 on page 17 





Be Sure To See 


POWER TRANSMISSION 
EQUIPMENT 


At the NON-LUBRICATED 


ss EASILY-ASSEMBLED 
Design Show... FLEXIBLE COUPLINGS 


Booth 1504 @ ww 


Bores (mox.)+**"* “10 21" 
1500 tb. 


.t0 
Yq 0% 900 


Working Models “= ‘ 
On Display LOVEJOY and HI-LO INSTANTLY- 


ADJUSTABLE VARIABLE SPEED PULLEYS 


Get first-hand performance 
facts and comparisons. 


Request illustrated bulletins 
and catalogs containing 
engineering data, details 

on sizes and types. 


SHAFT MOUNTED, GEAR REDUCERS -— 
ELIMINATE SUPPORTING STRUCTURES 
END ALIGNMENT PROBLEMS 


Yours for the asking, this 
literature gives a wealth 

of valuable information on 
power transmission equipment 
in easy-to-read, easy-to-file 18 Models From oe ail 
form. Speeds --*” &gctional 10 120 


WP..---* N ino! 
: 4.5:\ Nor 
Rotios Single 470 Nominol 


Double | . 
cnow ...Snatee Vite m* 
- 


SELECT-O-SPEED TRANSMISSIONS — Economical, easily installed on new or old equipment. 
Ratios to 10 to 1, horsepowers % to 742 at 1750 rpm. 


VERSA MOUNT TAKE UP FRAMES — Accommodate any make of pillow block, mount side or 
top. Stock sizes for 42" to 27” pillow blocks, travel length 2” to 36”. 


MOTOR BASES — Tilting, sliding and automatic belt tensioning types. Wide variety of sizes 
for motors fractional to 15 hp. 


LOVEJOY FLEXIBLE COUPLING COMPANY 


4802 West Lake Street © Chicago 44, Illinois © Phone EStebrook 9-3010 


Circle 122 on page 17 ELECTRICAL MANUFACTURING 





~ US6" BRUSHES contribute. 
to the reliability of 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of carbon, carbon-graphite, <lectro-graphiuic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained ee a 4 

staff of engineers is available to assist you in gained in Catalog B-56 and the 

the selection of the grade and type of USG ys grade list. Write for these 

brush best suited to your application. twe catalogs today. 


B-267-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, 
GRAPHITAR™ carson-crapnite © GRAMIX” powoeReo METAL pants © MEXICAN® crapnite prooucts © USG” prusnes 
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Smaliest of the Small. A pigmy 
beetle could easily crawl through the eye 
of an ordinary sewing needle, as shown 
by this equally magnified view of both. 
Among the tiniest of insects, some species 
of pigmy beetles reach about one- 
hundredth of an inch in length. 


Miniature for Missiles. This tape 
recorder, shown one-sixth actual size, is 
a vital unit in the communications system 
of the Army's ‘'talking satellite.’’ Constant 
low-torque and quiet operation of MPB 
bearings in it maintain accurate tape 
position. 


Man with Miracies. Like all MPB 
Sales Engineers, Dean Skillin makes a 
practice of showing people how small, 
precision-made MPB bearings reduce 
maintenance, increase economy, and 
solve problems. He's 
ready to do the same for you. 


miniaturization 


M rac | e S n M Nn at u ri Z ati on oO ACTUAL SIZE OF THE MPO BEARINGS IN TAPE RECORDER SHOWN ABOVE 


Little Things That Count. There's 
nothing new, in the larger sense, about ball 
bearings. But miniaturization of these familiar 
components is a wholly modern development. 
Forty years ago, for example, MPB was first 
to manufacture bearings with O.D.'s as small 
as ¥%”, and with precision that brought new 
aid to science and industry. Today, after con- 
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tinual pioneering in miniaturization, MPB pro- 
duces over 500 types and sizes of bearings, 
ranging down to 1/10” O.D., with specials as 
required. Our catalog brings you details on 
these bearings. Write for it, or for engineer- 
ing advice, to Miniature Precision 
Bearings, inc., 605 Precision Park, 
Keene, N.H. 
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MINIATURE PRECISION 


MF-B 


BEARINGS, Inc. 


Helps you perform miracles 
in miniaturization 


eee eee een eeoe 
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High capacitance for low voltage circuits... 


NEW 
TANTAPAK’ 


CAFACITORS 


SPRAGUE'S TANTAPAKS are the newest members 
of the Tantalex* family of tantalum electrolytic capacitors. 
TANTAPAKS have as much as 2400 pf at 10 volts d-c or as little 


as 140 uf at 75 volts d-c. Five case sizes—ranging from less than 


+ Li 


a cubic inch to a mere 3'/, cubic inches—are identical to Type 
CP-90 paper capacitors. Standard footed and spade-lug brackets 
simplify mounting. All units are dual-voltage rated for operation 


at both 85°C and 125°C under 2000 hour life tests, — 


The construction of TANTAPAK Type 200D capacitors 
assures excellent shock and vibration resistance. Glass-to-metal 
solder-seal terminals provide positive hermetic sealing. There j 
are no electrolyte leakage problems. ————T —— 

SPRAGUE 
° 200 0 

Porous tantalum anodes give better leakage and temperature 
coefficient characteristics than foil-type capacitor sections of 
comparable ratings. In addition, the impedance and equivalent 
series resistance of Type 200D are superior to foil units at high Ono-half actuel dze. 
temperatures and frequencies. 


Get complete information by writing for Engineering Bulletin 


No. 3705. Address request to Technical Literature Section, Sprague ® 

Electric Co., 307 Marshall Street, North Adams, Massachusetts. 

*Trademark ‘i aie 
=. the mark of reliability 


SPRAGUE COMPONENTS: 
CAPACITORS e RESISTORS e MAGNETIC COMPONENTS ¢ TRANSISTORS ¢ INTERFERENCE FILTERS e PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE ¢ CERAMIC-BASE PRINTED NETWORKS ° PACKAGED COMPONENT ASSEMBLIES 
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Get better protection...more reliable 


-»» WITH GENERAL ELECTRIC 





a 
— 


_ — ~, 

Sy ee ae ee 
cy 
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operation for your product 


TRI CLAD ENCLOSED MOTORS 


0 vs Par OFF 


HERE’S WHY: 


External Features: Moisture-resistant 
sealing compound is applied on carefully 
machined rabbets to assure better protec- 
tion against moisture and dust. Corrosion- 
resistant, non-sparking fan on all enclosed 
fan-cooled Tri/Clad ‘55’ motors resists 
action of the strongest acids and alkalis. 
Jet action cools motor effectively and 
efficiently for long-life operation. 

Lead connections are protected from 
contact with moisture and dirt by a 
cork-neoprene gasket between halves of 
the easy-access conduit box. 

Further, a new lead positioner gasket 
between conduit box and frame is im- 
pervious to cutting fluids—protects in- 
ternal parts effectively. 


Internal Features: Mylar* polyester film 
insulation and Formext magnet wire 
*Registered Trade-mark of DuPont Co. 


GENERAL @® ELECTRIC 


provide greater moisture and heat-aging 
protection. Water-resistant stator coat- 
ing also guards against failure due to 
moisture. And G.E.’s advanced bearing 
system gives years more service. 

General Electric offers you the most 
complete line of enclosed motors in the 
industry, including standard enclosed, 
severe-duty (for highly corrosive atmos- 
pheres), and explosion-proof motors. 


CONTACT your nearest G-E Apparatus 
Sales Office now for personal proof on 
why G-E Tri/Clad ‘55’ enclosed motors 
can do a better job for your applications. 
And ask for a free copy of these descrip- 
tive motor bulletins: 1-5 hp>—GEA-6240, 
GEA-5980, and GEA-6341; 714-125 hp— 
GEA-6602. Or write for them to Section 
840-20, General Electric Co., Schenectady 
5, New York. 


tRegistered Trade-mark of General Electric Co. 


COMPARE THESE 7A/. CLAD FEATURES 


Moisture-resistant Sealing Compound on Rabbets 


Solid-cast Rotor Windings 


Advanced Bearing System 


Cast-iron Frame 


Water-Shedding Stator Windings 


Corrosion-resistant Fan 


Pressed-steel Fan Cover 


Polyester Film Slot and Phase Insulation 


Standard enclosed Tri/Clad '55’ motor 


Water-resistant Rabbets 
protect against moisture, dirt, 
and abrasive dust for longer life. 


Efficient Jet Cooling System 
spreads a smooth blanket of air 
over the entire motor frame. 


os 


New Lead Positioner and 
gasket saves connection time; is 
impervious to cutting liquids. 


~ 


Non-sparking Fan effec- 
tively cools the motor—resists ac- 
tion of strongest acids and alkalis. 





Write for 
Samples 


SOLVES ALL YOUR 
WIRE AND CABLE 
NEEOS GUICKLY, 
ECONOMICALLY... AND 
ON SPECIAL PROBLEMS 
CALL YOUR LOCAL 
ESSEX OFFICE FOR HELP 
(N CHOOSING THE 
BEST TYPE AND SIZE 
FOR YOUR APPLICATION 


A complete 


ESSEX°® line of 


APPLIANCE WIRE 
AND CABLE 


Approved by CSA — Bears UL Label 


LEAD WIRES 
Thermoplastic, Rubber 
Neoprene and Silicone 
(Sil-X)° 


INTERNAL REFRIGERATION, 
ROOM COOLER AND AIR 
CONDITIONING WIRES 


POWER SUPPLY CORDS 
FLEXIBLE CORDS 
HEATER WIRE 


Other Essex Engineered 
Wire and Cable: 


SUBMERSIBLE CABLE 
AUTOMOTIVE CABLE 
WELDING CABLE 


Ind comple 


ESSEX WIRE CORPORATION 


Wire and Cable Division 


abe) 15) eo 
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High Energy Resistor Delays Fuse Opening— 


Collins Radio uses GLOBAR® resistor to handle 
short-time overload 


A unique application of a GLOBAR 
high energy resistor is made in a 
radio power supply unit manufac- 
tured by Collins Radio, Cedar Rapids, 
Iowa. The resistor is used for delay- 
ing the opening of a fuse under a 
short-time overload current condition. 

Requirements are rigorous. The 
resistor has to be capable of handling 
21 amps for 3 seconds (140 times 
rated load) and 10 amps for 5 seconds 
and must not arc, burn, char or 
change in resistance by more than 
+5% when subjected to 5 seconds of 
the specified overload currents for 5 
cycles on with 5 minutes off. It must 


IN 
206v 3@ 60% 


operate continuously under 35 watts 
loading for 1,000 hours in a room tem- 
perature ambient, the resistance 
change being not more than 10% Zo. 

AGLoBAR Type SP resistor, 3%” long, 
%” O.D. and %” LD. is used. This 
resistor will operate continuously in 
ambients up to 1,000° F. It is supplied 
with metalized ferrule type ends for 
fuse clip mounting. For information 
On GLOBAR resistors for similar high 
temperature, high energy applica- 
tions, write to Globar Plant, Refrac- 
tories Division, Dept. EMR 59, The 
Carborundum Company, Niagara 
Falls, N. Y 


+ 4000V OC 


RECTIFIERS 
AND 
L-C FILTER 


& 
D 


4000 VOLT SUPPLY FOR AN/FRW-2 SHOWING STEP-START CIRCUITRY 


CERAMIC IGNITER for oil and gas burners 


A development of high temperature resistors 


The versatility of silicon carbide 
for high temperature resistors is fur- 
ther demonstrated by its application 
as a ceramic igniter for fuel oil and 
gas furnaces. 

Conventional igniters utilize either 
a hot wire, which has a relatively 
short life, cr a spark discharge sys- 
tem, necessitating a high potential 
transformer. 

Requirements for the ceramic ig- 
niter were that it should operate 
directly from 12, 24 and 115 volt 
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sources, have high stability, be inex- 
pensive and effective for up to 25,000 
cycles of operation. A composition 
similar to that of the GLOBAR Type SP 
resistor proved to be the answer. By 
varying resistivity, operation is pos- 
sible on any of the desired voltages. 

To alert electronics engineers, the 
success of this application may sug- 
gest the many possibilities of utilizing 
similar resistors in high temperature 
circuits with ambients up to 1,000° F. 
Terminals which can be spot- ‘welded 
or brazed into circuits have been de- 
veloped. Prototypes of such resistors 
are now actually being evaluated by 
several customers as potential com- 
ponents for missiles and other critical 
applications. 

Technical assistance and informa- 
tion can be secured by writing to 
Globar P'ont. Refractories Division, 
Dept. EMIR 59, The Carborundum 
Company, iviagara Falls, 
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Matched or Compression Seals? 


Which metal-to-glass combination 
should you choose for packaging 
rectifiers and other eee 


Two types are available. The first 
typeisrepresented by KovAR® matched 
seals in which the identical thermal 
expansion characteristics of KOVAR 
Alloy and borosilicate hard glasses 
result in a fused hermetic bond. 
Since Kovar has about the same ex- 
pansivity as silicon and germanium, 
stability in operation is assured. The 
second type is represented by the 
compression seal which relies on dif- 
ferences in contraction between glass 
and metals, like mild steel, to provide 
a tight joint. 

Both types give excellent service 
depending upon the design and appli- 
cation of the unit. Compression seal 
applications are often those where 
the use of heavier metal parts is 
advantageous. 

Among other advantages, KOVAR 
“top hats” have special value as high 
voltage seals. The insulating glass 
does not need to be contained withina 
compression band and thus can be 
extended for higher flash-over volt- 
age ratings. 

For help in your choice of seals, 
write Latrobe Plant. Refractories 
Division, Dept. EMK 59. The Carbo- 
rundum Company, Latrobe, Pa. 


NEW BULLETIN DESCRIBES FIXED 
NON-INDUCTIVE CERAMIC RESISTORS 
Gives data on 
are A, B, and 
resistors 
recommended 
for general- 
purpose appli- 
cations in elec- 
RC em tronic and elec- 
tric power cir- 
cuits. A wide range of sizes, shapes 
and compositions provide desired 
resistivities and watt ratings. For 
a copy, write: Globar Plar* Re- 
fractories Division, Dept.EM 59, 
The Carborundum Company, Nia- 

gara Falls, N. Y. 





DESIGNING WITH ALUMINUM 


Tue STRUCTURAL QUALITIES of alumi- 
num and its alloys are actually improved 
at ultra-low levels of temperature, such 
as are encountered in the manufacture 
and handling of liquid gases. Tensile 
and yield strengths rise markedly, and 
percentage of elongation increases. As 
the lowest-cost metal capable of per- 
forming satisfactorily at temperatures 
below —150°F., alurainum is thus valu- 
able to the rapidly expanding field of 
cryogenic applications. 

Aluminum alloys also are unique 
among commercial metals in their com- 
bination of high strength-weight ratio, 
corrosion resistance, formability, weld- 
ability, reflectivity, and conductivity of 
heat and electrical energy. Also impor- 
tant for purposes of handling volatile 
liquids, aluminum is non-sparking, non- 
magnetic and non-toxic. 


FIGURE 1 


The requirements of commercial gas 
applications are filled chiefly by four 
industrial gases (see Figure 1). Oxygen, 
nitrogen, argon and helium—in that 
order of volume—comprise much the 
greater portion of commercial gas manu- 
facture. Oxygen, nitrogen and argon are 
among the gases that are produced by 
liquefying air at —320°F. to effect a sep- 
aration of each gas at its individual boil- 
ing point as a liquid. Equipment for this 
production can use, and has used, large 
quantities of aluminum alloy sheet, 
plate, extrusions, tubing and pipe. 


These gas products, along with natu- 
ral gas (mostly methane) are reduced 
by cooling and liquefaction to volumes 
only about 1/600 to 1/800 of their gas- 
eous volume. And because consumption 
by industry in both old and new appli- 
cations currently amounts to hundreds 


SOME PROPERTIES OF COMMERCIAL GASES 


BOILING POINT OF LIQUID DENSITY 
AT BOILING POINT 
(Lbs./cu.ft.) 
OXYGEN -297 71.2 
NITROGEN -321 50.4 
ARGON —302 88.02 


LIQUID GAS 
(Fahrenheit) 


HELIUM 45? 


NATURAL GAS -265 25.9 


(Chiefly Methane) 


APPROX. VOLUME 
GAS DENSITY * INCREASE, 
(Lbs./cu.ft.) LIQUID TO GAS* 
0.089 799 
0.078 650 
0.1114 770 
0.0111 700 
0.0447 580 


* Gas at normal temperature and pressure. 


FIGURE 2 


This is one of a series of information 
sheets that discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series supplied on request. Address: 
Advertising Dept., Kaiser Aluminum & 
Chemical Sales, Inc., 919 N. Michigan 
Ave., Chicago 11, Illinois. 


ALUMINUM IN LOW TEMPERATURE APPLICATIONS 


of millions of cubic feet annually, this 
reduction in handling bulk is of immense 
economic importance. 


One of the latest military missiles, 
for example, consumes 420 cubic feet 
of liquid oxygen... 336 thousand cubic 
feet as gas... in a 90-second firing 
period. These liquefied gases may be 
stored and moved in aluminum alloy 
double-shelled insulated tanks, thus 
taking advantage of their extreme con- 
centration in the low-temperature liquid 
state. 


At 
» cnge 
§ hikaanule 


Double-shelled mobile liquid-oxygen tank, produced 
with Kaiser Aluminum alloy 5086. Used in fueling mis- 
siles, this tank is being loaded for transport by air. 


TYPICAL TENSILE PROPERTIES OF SOME ANNEALED ALUMINUM ALLOYS 


APPROVED BY ASME FOR UNFIRED PRESSURE VESSELS 


PERCENT ** 
ELONGATION 


MINIMUM REQ'D 
WELDED TENSILE 
STRENGTH (psi) 
11,000 35 
14,000 30 
23,000 20 
18,000 24 
25,000 25 
30,000 27 
35,000 22 
40,000 22 


ASME SECTION TENSILE STRENGTH 
OR CASE NO. (psi) 
Ultimate Yield 


ASME ALLOWABLE 
DESIGN STRESS 
* VALUES (psi) 

13,000 5,000 2,350 

16,000 6,000 3,150 

26,000 10,000 5,650 

21,000 8,000 4,000 

28,000 13,000 6,250 

35,000 15,000 7,350 

38,000 17,000 8,700 

42,000 21,000 10,000 


ALLOY DESIGNATION 
AA ASTM 
1100 990A 
3003 MIA 
3004 MG11A 
5050 GIA 
5052 GR20A 
5154 GR40A 1174 
5086 © GM40A 1222 
5083 GM41A 1247 


* For metal temperature not exceeding 150°F. 


Nominal chemical compositions: 
** In 2 inch flat \,"’ gauge specimen at 75°F, 


5154— Magnesium 3.5%, Manganese 0.05%, Chromium 0.25% 
— Magnesium 4.0%, Manganese 0.45%, Chromium 0.15% 
5083 — Magnesium 4.45%, Manganese 0.75%, Chromium 0.15% 
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DESIGNING WITH ALUMINUM No. 30 (Continued) 


FIGURE 3 


STRESS IN 1000 PSI 


HELIUM — 462 
NITROGEN -321 


- 200 


-150 


TYPICAL TENSILE PROPERTIES 
OF ALLOYS 5083-0, 5086-0 AND 
5154-0 AT LOW TEMPERATURES... 
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DEGREES FAHRENHEIT 
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DEGREES FAHRENHEIT 


Several weldable aluminum alloys 
have been approved by the American 
Society of Mechanical Engineers as safe 
and suitable for construction of unfired 
pressure vessels such as are used in the 
handling of liquid gases. 


Figure 2 tabulates typical tensile 
properties and the design stresses per- 
mitted by the ASME Code for some of 
these alloys, including high strength 
aluminum-magnesium compositions. 
All values shown are for metals in the 
annealed state. Kaiser Aluminum alloys 
5083 and 5086 are the strongest ASME- 
approved aluminum-magnesium-man- 
ganese alloys that can be fabricated into 
these welded vessels by all normal 
methods, without need for stress-reliev- 
ing or annealing. Both of these Kaiser 
alloys 5086 and 5083, when welded 
with 5183 filler, also meet the stringent 
“2T” bend test requirements for welds 
established by ASME for most other 
materials in these unfired pressure ves- 
sel applications. 

The allowable design stress values 
shown are specified by ASME as accept- 
able for vessels and appurtenances from 
150°F. down to —325°F. These permis- 
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sible values are roughly two-thirds of 
the minimum guaranteed yield strength 
of the alloy at room temperature. Since 
the ultimate tensile and yield strengths 
of aluminum alloys increase as temper- 
atures drop, the margin of safety rises 
still further at liquid gas temperature 
levels. 


FIGURE 4 


DEGREES FAHRENHEIT 
-320 -250 


1 
oO 
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ALUMINUM 





THERMAL EXPANSION CURVE 
FOR ALLOYS 5083-0 and 5086-0 
BETWEEN 68° and —320° F. 


PERCENT LENGTH CHANGE 


t oe | $6 


Kaiser Aluminum 


The low temperature behavior of al- 
loys 5154, 5086 and 5083 is exemplified 
approximately in Figure 3. Ultimate 
strengths increase by about 50% from 
room temperature to —320°F. Yield 
strengths rise by about 18%. Thus, at 
the —320°F. level, the yield strengths of 
these three high-strength alloys approx- 
imate 2 1% times the stresses allowed for 
pressure vessel design by the ASME 
Code. 


Through the same temperature range, 
percentage elongation properties have 
been shown by test to increase 60% or 
more, reaching the magnitude of 40% 
elongation at —320°F. 


This added strength and ductility 
contribute much to structural depend- 
ability against both mechanical shock 
and large temperature differentials in 
different portions of the same aluminum 
part or system. 


The thermal contractions encoun- 
tered in ultra-low temperature equip- 
ment are larger than those to be 
accommodated in ordinary design ap- 
plications. For example, an aluminum 
member 25 feet long contracts by about 
11-inch through the range from 68° to 
-—325°F. Figure 4 shows these thermal 
expansion characteristics, as typified by 
aluminum alloys 5086 and 5083. 


The low elastic modulus of aluminum 
also contributes to its suitability for 
low-temperature equipment by mitigat- 
ing the adverse effects of thermal con- 
traction. Thermal deformations cause 
much smaller increases or decreases of 
stress in aluminum parts than in equiv- 
alent stainless steel parts. The repre- 
sentative #304 stainless steel listed in 
Table 4 will contract only about 70% 
as much as the high strength weldable 
aluminum alloys, for any given drop in 
temperature. However, the aluminum 
alloys have an elastic modulus of about 
10,300,000 psi, roughly one-third that 
of the steel. Because of this difference 
in elastic moduli, the stress changes 
resulting from thermal deformation 
through any given temperature change 


THERMAL EXPANSION COEFFICIENTS 
OF ALUMINUM ALLOYS AT LOW TEMPERATURES 
Average Coefficients of Thermal Expansion 


(x 10~* per degree F.) 


68° to 
-200’ F. 


68° to 
ALLOYS -320° F 


1099 118 10.5 
3003 11.2 10.0 
5083 11.6 10.4 
5086 11.6 10.4 
6061 11.3 10.2 


#304 Steel 77 74 


(Stainless) 


CONTINUED ON NEXT PAGE = 
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DESIGNING WITH ALUMINUM No. 30 (Continued) 


Assembly of welded aluminum vessel for a liquid-oxygen generating plant. 
Such plants serve the steel and chemicals industries 


will be lower in the aluminum than in 
the steel. 


One example of the advantages of- 
fered by this capacity for large elastic 
thermal deformations is the ability of 
aluminum alloy flanged joints, using 
2024-T4 aluminum bolts, to maintain 
joint tightness under cyclical tempera- 
ture conditions between 250°F. and 
—320°F. A bolt-loosening effect natu- 
rally occurs during the initial contrac- 
tion of the pipe bore as it is cooled to 
liquid-gas temperatures, while the outer 
flange and the bolts remain relatively 
uncontracted at ambient levels. This 
tends to reduce gasket seating pres- 
sures. However, the loss of stress in alu- 
minum bolts and flanges during thermal 
contraction of the pipe is much less than 
that occurring in equivalent steel parts. 
This ability to maintain stress during 
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thermal deformations, along with the 
use of a soft aluminum profile gasket 
next to the bore, maintains adequate 
sealing while the flanges and bolts also 
cool. Since it often is desirable to bolt 
an aluminum flanged line to a stainless 
steel flanged line, for heat-dam pur- 


see our cotelog in 


ee 


KAISER 


Q 


or write for copy 


Kaiser Aluminum 


poses, this elastic property dictates that 
aluminum alloy 2024-T4 bolts should 
be used. 


Metallurgical Research Data 
Now Available 


Since most liquid-gas containers re- 
quire a high vacuum between outer and 
inner shell to achieve the best possible 
insulating conditions, external pressure 
design charts have been developed by 
the Kaiser Aluminum Department of 


FIGURE 5 


SOFT 
ALUMINUM 
PROFILE 


ALUMINUM 
GASKET FLANGE 
1100-0 ALLOY 


6061-T6 ALLOY 


ALUMINUM BOLTS 


18-8 STAINLESS 2024-T4 ALLOY 


STEEL FLANGE 


Metallurgical Research for each of the 
high strength alloys. These charts, and 
other information on aluminum use in 
low temperature applications, are avail- 
able to interested manufacturers. 
For immediate attention to your re- 
quest for these charts and other tech- 
nical information—or for engineering 
assistance in your own applications— 
contact the Kaiser Aluminum sales office 
listed in your telephone directory. 
Kaiser Aluminum & Chemical Sales, 
Inc., General Sales Office, Palmolive 
Bidg., Chicago 11, Illinois; Executive 
Office, Kaiser Bldg., Oakland 12, Calif. 


ALUMINUM 


THE BRIGHT STAR OF METALS 
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Coil Type 
BUSS Heat-Limiters 
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BUSS Heat-Limiters: 


Now available in many types 
and in many styles of terminals! 


A SOUND, LOW COST SOLUTION 
TO MANY PROBLEMS 
OF OVERHEATING... 


A Heat-Limiter with the thermal, elec- 
trical and mechanical characteristics best 
suited to your application probably is al- 
ready available from the extensive BUSS 
line. If not, the BUSS engineers will gladly 
work with you in developing one exactly 
right for your needs. 


BUSS Heat-Limiters guard against 
overheating creating a hazard or re- 
sulting in loss of material by cutting 
off the current at a predetermined 
temperature. 


lta 


ANOTHER “> 
OUTSTANDING i 
DEVELOPMENT 


ee 
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suss ruses.” BUSS Safety Valve 


Applications include: Hair 
Driers, Refrigerator Defrosters, 
Deep Fryers, Incubators, Ovens, 
Industrial Cookers, Heaters, Com- 
bination Room Coolers... plus 
many other devices or apparatus 
where failure of temperature control 
might cause trouble or a hazard. 


Where thermostats are used, 
BUSS Heat-Limiters offer ideal 


‘back-up’ protection should the 
thermostat fail for any reason. 


if overheating is a problem, it 
will pay you to investigate the ad- 
vantages of BUSS Heat-Limiters. 
Use the coupon or write Bussmann 
Mfg. Division, Mc Graw-Edison Co. 
St. Louis 7, Mo. 


Bussmann Mfg. Division Mc Graw-Edison Co. University at Jefferson, St. Louis 7, Mo. 


Please send information on BUSS Heat-Limiter. 


Name 
re 


Address 
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EASY 10 
HOOK UP 


This enlarged wiring compartment saves 
hook-up time on the assembly line 
Wiring compartments on G-E motors 
are now roomier and easier to work 
with. An enlarged opening allows 
greater accessibility. A narrower ter- 

minal board makes 

it easy to bring in 

#7 leads from conduit. 

e- There are no extra 

\y studs on the board 

berg to result in ““hook- 

up confusion.’’ Eas- 

ler, more accurate 

wiring results. How 

much can this extra 
value save you? 
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are 6 Reasons why 


Se 


Special speed nut permits conduit connection 
from outside; cuts connection time 50% 
Conduit connection is greatly simpli- 
fied by single-thread speed nut welded 
inside the motor shell. This feature 
permits connection of conduit from 
outside the motor 
in half the time 


Sm , 
# normally required 
_ = with conventional 
4 > lock nut. No waste 
e 


’ of time fumbling 
f with a loose nut, no 
possibility of drop- 
ping it in the motor 
or on the floor. It’s 
a real time saver! 
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Now plug-in connectors on all terminals 
cut wiring time in half 

For the first time on all single-phase 

Form G motors, General Electric 

offers time-saving quick connectors 

on all external and internal contacts.* 
Wiring time is cut 
in half. (Studs have 
been retained for 
conventional wir- 
ing.) Simply plug in 
the leads. Fast, posi- 
tive connections are 
assured. Try it your- 
self. You'll like this 
new General Elec- 
tric extra value. 

* Explosion-proof and a few special motors excepted. 
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JUST ASK YOUR GENERAL ELECTRIC SALES ENGINEER 
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New permanent instructions and data 
simplify installation and servicing 
Operating data on Form G motors is 
both legible and permanent to help 
you select, install and service without 
guesswork. The nameplate is engraved, 
then paint-filled for 
extra readability. 
Oiling instructions 
are lithographed on 
the terminal box 
cover plate. Lets 
your customers 
know exactly how 
little maintenance is 
required. See this 

extra value! 
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ABOUT THE NEW 
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SAFE, SIMPLE 
TY 


Built-in grounding lug permits fast, easy 
grounding to meet UL standards 
Now on Form G motors you get a 
built-in grounding lug that meets UL 
standards for grounded third lead 
when required. With a self-forming 
screw you can make 
ground connections 
quickly, easily and 
inexpensively. This 
feature assures safe, 
permanent grounds. 
There’s no chance of 
disconnection dur- 
ing maintenance. 
Ask for details on 

this extra value, 


GENERAL @@ ELECTRIC 
FORM G “EXTRA 
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Electric Form G motors... 


E 


He 
at 


Small, light Form Gs easy to assemble; 
cut handling and shipping costs 

Up to 50 per cent lighter, 40 per cent 

smaller than old-style designs, General 

Electric Form Gs are easier to handle, 

faster to install. Compact motor re- 
quires less mounting 
space and material; 
cuts down “assem- 
bly-line fatigue” 
caused by heavier 
motors; reduces 
stock space and 
shipping costs. You 
can’t help but save 
with compact, light- 
weight Form Gs! 


12-90 
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VALUE” FEATURES 
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Major breakthrough in electrical design 


For smaller Class F equipment... 


Johns-Manville’s new Type 71 Quinterra insulation combines the lasting 


New J-M Type 71 Quinterra® 
Epoxy-treated to double dielectric strength 


Johns-Manville now opens up a new 
era in electrical design, with Type 71 
Quinterra—the epoxy and asbestos 
insulation that breaks through today’s 
limitations on ratings and size—offers 
untold new possibilities in compact 
class F equipment, 


Offers 5 major improvements 


1. High Epoxy Content (approx. 45% 
to 50%) provides the optimum elec- 
trical benefits of these high-dielectric 
resins and asbestos. This mechanically 
and electrically strong insulation com- 
bines the lasting inherent dielectric 
strength of the Quinterra base sheet 
with the excellent electrical properties 
of epoxy varnish. 


2. Over 700 Volts/Mil is the tested 
and proved dielectric strength of 
Johns-Manville’s new Type 71 Quin- 
terra insulation. This exceptionally 
high characteristic offers brand-new 
opportunities in increased power from 
smaller frames—with less metal. 


3. Thermal aging at 175C (consider- 
ably above the class F maximum of 
155C) shows Quinterra 71 offers high 
retention of properties. This outstand- 
ing characteristic of Quinterra 71 
makes it an ideal material for class F 
applications. 

4. Moisture Absorption Less than 


2%. Quinterra Type 71 resists humid- 
ity conditions that would break down 


dielectric strength of the purified asbestos base sheet and epoxy varnish. 


other insulations. Even at high relative 
humidities, this new insulation exhib- 
its unusually high dielectric strength! 


5. Improved handling characteristics 
make Type 71 Quinterra ideal for 
today’s assembly techniques. Its flexi- 
bility lets it adapt to the reduced 
radii of smaller equipment. 


Also new Type 72 Quinterra 
for less rigid requirements 


Type 72 Quinterra (approx. 

20%-30% epoxy content) offers 
high dielectric strength at con- 
siderable savings. 


FOR a complete specification sheet and samples of the new epoxy-treated Quinterra, 
write Johns-Manville, Box 14, New York 16, N.Y. In Canada, Port Credit, Ontario. 


uy Johns-Manville ELECTRICAL INSULATIONS 
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SPS RELIABILITY 


A dynamic standard of predictable performance 


RECOMMENDED SOCKET SET SCREW TIGHTENING TORQUES 


(in.-Ib.) Minimum 
Set Screw Set Screw Differential 
Unbrako B c % 


3.9 3.5 

7.8 7.4 

7.8 7.4 

14.7 

26.5 25 
62 , 60 
165 122 125 
290 198 225 
430 309 350 
620 460 500 
1225 1106 1060 
2125 1540 1800 
5000 3660 4600 
1 7000 5025 6500 


Screw Size 


ATLL LL Tt 


ALAA ALARA AA ‘ 


ieee eRe ee eee 


High torque UNBRAKO socket sets are available as follows: Sizes, #0 through 1 in.; materials, 
alloy steel and 18-8 stainless steel; Types, plain cup point (microsizes and stainless)—self- 
locking with knurled cup point (#4 through 1 in.)—self-locking with Nylok (plain cup point). 


High Torque UNBRAKO 


socket set screws 


have up to 40°, more holding power 


Holding power—a vital factor in the selection and application 
of a set screw—is the result of the seating force developed by 
tightening the screw. Invariably the tighter a screw is wrenched 
into place, the greater will be the holding power. Recommended 
seating torques for High Torque UNBRAKO socket set screws 
are up to 40% higher than those for ordinary socket set screws. 
And the cup point, knurled counterclockwise, resists their back- 
ing out under vibration. 


In addition to greater holding power, dimensional accuracy of 
length and OD, with consistent physical and mechanical prop- 
erties from lot to lot, makes high torque UNBRAKO socket 
screws ideal for automation. Major diameters are held strictly 
to Class 3A thread tolerance to permit automatic feeding with- 
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out jam-up. Socket depth and size are highly uniform to permit 
the driver to engage the socket in a split second and drive the 
screw home with speed and precision. Threads are fully formed 
to Class 3A fit to make the whole screw stronger and provide 
accurate mating. Heat treatment, in atmosphere controlled 
furnaces, prevents decarburization and provides hardness 
and strength for long wear. 


High torque UNBRAKO socket set screws are stocked by author- 
ized SPS industrial distributors. Ask the one nearest you for 
complete details. Or write SPS—manufacturer of precision 
threaded industrial fasteners and allied products in many 
metals, including titanium. Unbrako Socket Screw Division, 
STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


Jenkintown - Pennsylvania 


Standard Pressed Steel Co. * The Cleveland Cap Screw Co. e 

Columbia Steel Equipment Co. @ National Machine Products Co 

@ Nutt-Shel Co. @ SPS Western e Canada ltd. e 
Unbrako Socket Screw Co., ltd. 





Standco 
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Batting 


Over-voltage flash test of 
cartridges before encasing is 
one of three tests given to every 
Mallory motor capacitor dur- 
ing production to assure quality. 


rd 
¢ 


y ie 


¢ 10k 


100,000 start cycles. This 
simulated field test of repeated 
start-stop cycles at rated con- 
ditions is typical of quality 
control procedures that check 
samples from production lots. 
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_ Average .999 + 


| ... Lhat’s the Quality Record of Mallory Motor Start Capacitors 


' 


Actual service charts prove that field returns 
of Mallory motor start capacitors average 
less than 0.1%. To you, as a designer or 
manufacturer of motor-driven appliances, 
the Mallory standard of dependability 
means greatly reduced cost of in-warranty 
repairs . . . and greater protection for the 
reputation of your product with customers 
and dealers. 


Behind this dependability is a combina- 
tion of long manufacturing experience and 
quality control testing which you get only 
from Mallory. 


100% production testing. Every Mallory 
motor capacitor is checked three times 
before shipment. It gets a capacitance test 
during wet-rolling . . . a Mallory-developed 
production method that assures close capac- 
ity tolerance. It is given an over-voltage 
flash test for shorts before encasing. And 
its capacitance and power factor are meas- 
ured after assembly is completed. 


Accelerated service tests are regularly 

given to statistical samples of production 

lots, putting them through tortures which 

are the equivalent of years of field usage. 

Life at elevated temperature, repeated 
Major contributions to motor capacitors start-stop cycling and frequent tests to 
have come from Mallory for over 25 years destruction are constantly in progress. 
... higher temperature ratings, smaller 
size, higher capacity ratings, built-in bleeder 
resistors. 


25 years of correlation. The tests we make 
show more than laboratory figures—for 
they are correlated against the ‘“‘real life”’ 
statistics we have accumulated during 25 
years of developing, manufacturing and 
testing motor capacitors and following 
their service records in the field. The result: 
you're sure of quality, because Mallory 
test data is backed by a quarter century 
of statistics. 


Our complete line gives you a broad choice 
SOTTO of ratings for start and run service. Write 


or call for data, and for a consultation on 
A ! | O Q your applications. 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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Specify “ARN OLD” 


for yur MAGNETIC CORE requirements 


Top to bottom: Tape wound cores, Silectron C, E and O cores, and bobbin cores. 


SILECTRON C-CORES, E-CORES and TOROIDS Arnold C 
and E cores are made from precision-rolled Silectron strip in 
1, 2, 4 and 12 mil thicknesses. 

They are supplied in a wide variety of shapes, and in sizes 
from a fraction of an ounce to several hundred pounds. In 
addition to standard transformer applications, they may also 
be supplied for special applications such as saturable reactors, 
instrument transformers and pulse transformers. 

Over 1,000 stock cores are listed in the Arnold Silectron 
catalog. A wide selection of preferred sizes are carried in stock 
for immediate shipment. For complete data on C and E cores 
and Silectron toroids, write for Bulletin SC-107A. 


TAPE WOUND CORES of High Permeability Materials 
Arnold tape wound cores are available made of Deltamax, 
4-79 Mo-Permalloy, Supermalloy, Mumetal, 4750 Electrical 
Metal, Silectron, or the new rectangular-loop material, Super- 
mendur. All except Supermendur cores are available in stand- 
ard tape thicknesses of 4, 1, 2, 4 or 12-mils. 

Toroidal cores are made in 30 standard sizes with protective 
nylon or aluminum cases. Special sizes of toroidal cores are 
produced to individual requirements. Write for Bulletin TC- 
101A. (TC-113A for Supermendur Cores.) 


BOBBIN CORES Arnold bobbin cores are available in a wide 
range of sizes, tape thicknesses, widths and number of wraps 
to suit the ultimate use of the core in electronic computer 
assemblies. Magnetic materials usually employed are Delta- 
max and Square Permalloy in standard thicknesses of 1, 4, 
\% and \% mil. Bobbins are supplied in ceramic or stainless 
steel. Write for Bulletin TC-108A. 


Top to bottom : Mo-Permalloy powder cores, iron powder cores, and Sendust cores. 


MO-PERMALLOY POWDER CORES Available in a wide range 
of sizes, from .260’’ OD to 5.218”’ OD. They are given various 
types of enamel and varnish finishes, some of which permit 
winding with heavy Formex insulated wire without supple- 
mentary insulation over the core. 

These powder cores are supplied in four standard perme- 
abilities: 125, 60, 26 and 14 Mu. They provide constant per- 
meability over a wide range of flux density, and in many 
cases may be furnished stabilized to provide essentially con- 
stant permeability over a specific temperatyre range. Large 
warehouse stocks of preferred sizes are carried for immediate 
shipment. Write for Bulletin PC-104B. 


IRON POWDER CORES A wide selection of cores is available, 
from simple cylinders to special cores of complicated design. 
The line includes all standard types of threaded cores, cup, 
sleeve, slug and cylindrical insert cores: for use in antenna 
and RF coils, oscillator coils, IF coils, perm tuning, FM coils, 
television coils, noise filter coils, induction heating and bom- 
barder coils, and other low frequency applications. Preferred 
sizes are carried in warehouse stock for quick shipment. A 
standard series of iron powder toroids is also manufactured, 
conforming to the standard sizes proposed by the Metal 
Powder Industries. Write for Bulletin PC-109. 


SENDUST POWDER CORES Available in a wide selection of 
sizes, ranging from .800’’ OD to 3.346’’ OD, and in perme- 
abilities of 10, 13, 25, 30, 50 and 80, although not all sizes are 
available in all permeabilities. They possess magnetic prop- 
erties generally superior to iron powder cores, but inferior to 
Mo-Permalloy powder cores in the audio and carrier frequency 
range. Write for Bulletin SDC-110. 


2V PERMENDUR .. . a ferromagnetic alloy of cobalt, vanadium 
and iron that possesses high flux density saturation properties. 
Its magnetostrictive properties are useful in many transducer 
applications. Write for Bulletin EM-23. 


VIBRALLOY .. . a ferromagnetic alloy of nickel, molybdenum 
and iron whose temperature coefficient of elastic modulus is 
controllable over a wide range. It has high ferromagnetic per- 
meability, and a rather high coefficient of magnetostriction. 
Used in applications where a zero or controlled thermo-elastic 
coefficient is desired. 


BARIUM TITANATE . . . A piezoelectric ceramic widely used in ac- 
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celerometers, phono pickups, microphones, ultrasonic grinding 
and cleaning devices and underwater signaling devices. For 
more information, write for Bulletin CM-116. 


wsw 7507 


THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 
BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
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““MYLAR” offers a unique 
combination of properties 
valuable for electrical design 


HIGH TENSILE STRENGTH. “Mylar’”’ 
is the strongest plastic film. Instron tester 
shows an average strength of 20,000 lbs. psi. 


HIGH DIELECTRIC STRENGTH. 
Average of 4,000 volts per mil...average 
power factor of 0.003 at 60 cycles. 


Is there a thinner pressure-sensitive tape 
that’s better-performing ... and at a lower cost? 


Yes, there is such a tape, and it’s made 
with Du Pont ‘‘Mylar’’* polyester film. 
For most applications, tough, durable 
pressure-sensitive tape of “‘Mylar’’ actu- 
ally cost less, per linear foot or yard, than 
tapes made of other materials. That’s 
because “‘Mylar’’ permits tape manufac- 
turers to use thinner gauges without any 
loss in performance. 

And what about performance? Here 
are some of the outstanding properties of 
“‘Mylar’’ found in pressure-sensitive tape: 
THIN, YET STRONG 

. . average tensile strength of 20,000 psi. 
DURABLE 
... under both high and low temperature use. 


&€6.u.s. pat orf 
BETTER THINGS FOR BETTER LIVING 
- « «THROUGH CHEMISTRY 
DU PONT 


MYLAR 


POLYESTER FILM 
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FLEXIBLE 
... gives snug wrap over irregular surfaces. 
HIGH DIELECTRIC STRENGTH 

. average 4,000 volts per mil. 
DIMENSIONALLY STABLE 

. . can be used in areas of high humidity. 

MOISTURE-RESISTANT 
... resists mildew, most chemicals. 
RESISTS EDGE FRAYING 
.. . has great tear and impact strength. 
RESISTS HEAT AND COLD 


. . can be used in class B insulation systems. 


NO PLASTICIZER 
. can’t dry out or embrittle with age. 


You name the job. . . electrical insulat- 
ing, color coding, masking for electro- 


plating, harness-wrapping coils . . . and 
you’re sure to find pressure-sensitive 
tape of ‘‘Mylar’’ can improve perform- 
ance while lowering costs. What’s more, 
this thinner tape can help decrease weight 
and size of finished products without any 
loss in performance! 

Pressure-sensitive tape of “‘Mylar’’ can 
now be obtained in a wide variety of 
gauges, widths, colors, and with different 
adhesives. Ask your supplier to help you 
evaluate all the factors involved in cost 
and performance of tape made with 
““Mylar’’, Or, send today for a list of 
tape manufacturers and a booklet on 
properties and applications, 


**MYLAR” is Du Pont’s registered trademark for its brand of polyester film 


E. |. du Pont de Nemours & Co. (Inc.) 


) Please send me information 
on the advantages and uses of 
pressure-sensitive tape made 
with ““Mylar’’ (MB-6). 


QO Please send me information 
on properties, applications and 
types of ‘“‘Mylar” available 


(MB-11). City_ 


cece ere er Cee ere er er er 
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Film Dept., Room EM-S, Nemours Building, Wilmington 98, Delaware. 


Application 
Name bi 
Firm - 


Address__ 


| | 
ed 
| 


State 
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Dimensional Control Department at D-J. At D-J dimensional control 
of die cast parts is so much a part of production routine that 
‘a special department is devoted to this purpose. In rooms 
like this, at every D-J plant, experts verify the dimensions 
on die castings pulled periodically from the production line. 


Outboard motor housing Instrument panel bezel 


Single cylinder engine block 
Pinspotter part 


At Doehler-Jarvis...everything 
improved production methods 


Only a handful of companies have ever 
taken full manufacturing advantage of the 
inherent opportunities presented by the 
purchase of die castings — opportunities 
to so design parts that production all 
along the line is simplified, speeded up, 
and made more economical. 


Frequently die castings are bought under 
conditions where price is the dominant 


Automatic transmission parts illustrate how much 
can be done with die cast design. Notice the 
ganged fluid passageways. Not apparent, but in- 
corporated into the design of each of these parts, 
are many features that make these parts usable 
much as they are... with a minimum of further 
manufacturing needed. 


competitive factor. This approach some- 
times makes good purchasing sense. And 
on the basis of price competition Doehler- 
Jarvis produces and sells more die cast- 
ings per year than any other custom die 
caster. 


But there is another, and often more 
rewarding, way to look at the pur- 
chase of die cast parts. 


In many instances most, in fact — a 
careful analysis of the part by experi- 
enced metal production men working in 
close coordination with equally experi- 
enced designers of the dies and the cast- 
ings reveals ways to: 


(1) reduce cost or improve perform- 
ance of the casting itself. 





a" 


Transmission housing 


tees 


i: 


Pinspotter arms 


Transmission part 


needed to help you develop 
with the help of die castings 


(2) introduce design features that 
eliminate one, many, or all of the ma- 
chining, finishing or sub-assembling 
operations that must be accomplished 
before the part can be incorporated 
into the end product. 


For example. Product engineers have only 
begun to realize the full range of applica- 
tions made possible by the high fatigue 
strength inherent in aluminum die cast- 
ings ... by integrating several separate 
parts into one die casting .. . by ganging 
fluid passageways (as in automatic trans- 
mission designs). 

Doehler-Jarvis customers who have taken 
this suggested broad viewpoint in purchas- 
ing their die castings find it pays off... 
sometimes enormously. 


No producer of die castings can con- 
tribute more to this broad purchas- 
ing concept than Doehler-Jarvis. 


In any category you care to name... re- 
search support ... design help .. . skilled 
workmanship ... versatility of metal 
working equipment (you can even buy 
forgings, extrusions and stampings from 
D-J) ... sub-assembly facilities ... choice 
of die casting metals and alloys... loca- 
tion of plants ... delivery .. . Doehler- 
Jarvis provides more facilities than any 
other producer of die castings. 


See what Doehler-Jarvis can do to help 
you realize the full potentials in die cast 
parts production. Call us in at an early 
stage in the design of your next new 
product or model change. 


Doehler-Jarvis 


Division of 
NATIONAL LEAD COMPANY 
General Offices: Toledo 1, Ohio 


In Canada: 


Barber Die Casting Co., Limited 


Hamilton, Ontario 
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Greater latitude in radio cabinet design is permitted 
by the higher heat resistance of Cymac® 400 poly- 


methylstyrene plastic which will withstand continuous 


service at temperatures to 212°F without distortion. 
PL ASTICS IN This property, plus its ready adaptability to complex 
molding and its excellent flow and color characteris- 


ELECTRICAL DESIGN cabinet of the RCA Vietor table Tadio, Phe Burgess 


| illustrated here. 


New ideas in product Plastic materials and 
design and applica- production methods 
tion of Cyanamid behind successful 
plastics. products. 


AMERICAN CYANAMID COMPANY 
PLASTICS AND RESINS DIVISION 
30 Rockefeller Piaza, New York 20, New York 
in Coneda: Cyaenamid of Canada Limited, Montreal and 
Toronto 


Offices in: Charlotte * Chicago * Cincinnati * Cleveland 
Dallas * Detroit * Los Angeles * Minneapolis * New 
York * Oakland * Philadelphia * St. Lovis * Seattle 


Additional advantage of Cymac is that it has 
sufficient flexibility for back cover to be secured 

World’s smallest and lightest rechargeable without fasteners: a simple snap-fit reduces 
battery cell, shown here with razor blade, cost, speeds assembly, and facilitates disassem- 
is Yardney Electric Corporation’s HRO1 bly if required. The following properties indi- 
Silvercel®. Designed primarily for use in cate CyMAC 400 is an ideal material for radio 
instrumentation and telemetering pack- cabinets and similar housing requirements: 
ages for missiles and rockets, it has a 3 Resistance to heat, °F (COnt.) ........cscsessseseeseseeereree 212 
amp peak pulse discharge and weighs less Heat distortion somporature ae aa 
than one-seventh ounce—thanks in great Molding shrinkage, in./in ‘ 
part to lightweight molded CyMAC SUPER* ee 


; Specific gravity 
201 thermoplastic case and cover. Flexural strength (1 in./min crosshead speed) 
*Trade mark 


Impact strength ft/Ib/ in. of notch (¥% x ¥ in. 

I I oa icceinnsoinaeveotonbern d 
Rockwell hardness 
Dielectric strength, short time, ¥% in. thick 

volts/ mil, 1/16 in. disc 


Another Yardney silver-zinc cell is shown 

here with a silver dollar for size comparison. 

This HR1 Silvercel® delivers a 45 amp peak 

pulse discharge yet weighs only % ounce. 

CyMAC Super 201 methylstyrene-acryloni- 

trile copolymer was selected because of its: 

* Low specific gravity (1.06) 

* Exceptional combination of high tensile (11,000 psi) 
and high flexural (16,100 psi) strengths 

* Heat resistance (distortion point 211 °F) 

* Complete resistance to concentrated potassium hy- 
droxide electrolyte 

* Excellent injection molding characteristics, transpar- 


ence, resistance to crazing, and ease of solvent-sealing 
covers to cases. 
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All new Series 2 lighted display and 
pushbutton switch devices offer new 
modular versatility in lighted display 


The modular concept of Series 2 devices opens a new 
approach to design freedom in both front-of-panel 
lighted display and back-of-panel precision pushbutton 
switching. The demonstration panel shown above illus- 
trates some of the variety in arrangement and color and 
labeling offered by these new devices. 


Principal advantages of Series 2 units 
include these: 


Operator-indicator and indicator units are assembled 
quickly and easily, without tools. Even the switching 
units simply snap into place as shown on the next page. 


Units are available, flange mounted or barrier mounted, 
in long-flange, short-flange, long-barrier and _ short- 
barrier types. All types can be combined in either rows 
or columns to provide eight group-mounting schemes. 


Five colors of display screens are available—red, yel- 
low, blue, green, and white. Two, three, or four lamps 
can be used in each unit. Color filter caps for the lamps 
are available to provide projected color on white 
frosted screens. 

Two-color display screens may be split laterally or 
longitudinally, in any combination of the five colors. 
Assemblies built up of the desired number and type of 
units, snap into pre-cut rectangular slots in the mount- 
ing panels, also without tools. 

Panels may be from 1/16” to 5/16” thick. Flange- 
mount units can be used with a mounting panel and 
overlay panel, or with mounting panel only. 

Here is a new dimension of design freedom in illumi- 
nated switching equipment . . . an all-new system 
compatible with good human-factors engineering. 





All new Series 2 
lighted display and 
pushbutton switch 
devices offer new 
modular versatility 
in pushbutton 
switching 


Yes, you can have the panel arrangement you 
want (preceding page) and the switch unit the 
application requires. At right you see a few of 
the hundreds of available combinations of Series 
2 switch units and operator-indicator units. To 
attach an operator-indicator unit with a switch 
unit, just snap them together. All such com- 
binations are available with or without magnetic 
d-c holding coil. Switch units are offered with 
switches from eight different MICRO SWITCH 
series of basic switches—‘“TB’’, ‘““SM’’, ““HS’’, 
Type "A", “MT, “DT”, Type “2, and “Vs”. 
Included are switches for low-energy circuits, 
switches for handling d-c loads of up to 10 
amperes, 125 volts, and for direct control of a-c 
motors of up to two horsepower .. . alternate- 
action units, momentary-contact units, and units 
for control of multiple circuits. 


to Color filters in red, yellow, green, 
Display screen, in four ee or blue fit over lamps, permit 
colors and white. Also ae | projected-color lighting. 
available split lengthwise 

or across. 


Li {) Operator-indicator unit, barrier 


type. Unit shown has long (side) ‘ Indicator unit, long flange 
Two, three, or four lamps barriers. Also available are short “SM” switch unit—one of many type. Short flange and 
can be used in operator- (end) barriers, and flange-type Series 2 switch units—snaps onto barrier types are also 
indicator or indicator units. units without barriers. base of operator-indicator unit. available. 


New Catalog 67 describes Series 2 MICRO SWITCH FREEPORT. ILL 
devices in detail. Split pages aid ee F ; 


; s A division of Honeywell 
selection of components. Contains ; oe , 
detutind eutih wads date In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


and helpful ordering and color 


selection information. Sent bi a 
free on request. isl H n eywell 
Tak Lael 


MICRO SWITCH PRECISION SWITCHES 





Now...all sizes and shapes 
of SX Magnet Wire 


for every “‘hot spot’’ application 
ESSEX 


Thenmnwriex-F 


MAGNET WIRE Class F (155°C) 


TE 


Rounds, squares and rectangulars also available 
with single and double glass coverings 


Thermalex-F, a Class F (155°C) magnet wire insu- 
lation developed by Essex, is now available in round 
wire from 11 to 50 AWG size and all Formvar 
sizes of square and rectangular. This full size range 
gives every manufacturer the versatility he needs 
in one insulation type for his exact application! 


- 


OI 


THE WIRE DESIGNED WITH THE FUTURE IN MIND 


Magnet Wire Division 
' veswenevns “@ eve? ESSEX WIRE CORPORATION 
VERSATILE GENERAL PURPOSE APPLICATION 


Thermalex-F is not a special wire but Port Wayne, indiana 


has properties required for a general OUTSTANDING THERMAL STABILITY Manvfacturing Plants: Birmingham, Alo.; Anaheim, Col.; 
purpose application and can be used A.1.E.E. #57 “Procedure for Evaluation Fort Wayne, Ind.; Hillsdale, Mich. 

through the 105°C-155°C temperature of the Thermal Stability of Enameled : ; 
range... Class A applicationsaswellas Wire" which is an accepted test, indi- National network of Warehouses and Sales Offices 
Class F...eliminating the needforbuy- cates a 30,000 hours life at 170°C for +++ Call your local “Essex Man.” 

ing more than one type of magnet wire. unvarnished specimens. 
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CORVEL 


Fusion Bond 
Finishes 


CORVEL Polyethylene Finishes—provide 
zero water fption, excellent chemical 
resistance and electrical insulation. 


CORVEL K-51 Penton* Finishes—excep- 
tonal chemical and wear resistance. With- 
stand temperatures from —40°F. to 250°F 


*Trademark of Hercules Powder Co 


@ Now a unique method for cladding opens the way for 
new developments in product design. CORVEL Fusion 
Bond Finishes are specially processed dry resin powders 
for use in the solvent free, patented* fluidized bed 
coating process. Greater beauty and improved dura- 
bility are achieved because these finishes provide the 
following advantages: 


e Single dip treatment with comparatively heavy 
finishes (normally 0.008” to 0.025”). 


e Eliminates sag and drips, no bridging or irregu- 
larities in material flow. 


e Excellent coverage of sharp edges, corners and 
projections, 


CORVEL Cellulosic Finishes—tough deco- 
tative finish retains color and gloss when 
exposed to water, salt spray, sunlight 


CORVEL Vinyl! Finishes—durable; resistant 
to corrosion and most chemicals. Available 
in a range of colors 


CORVEL Epoxy Finishes—excellent insula 
tion at elevated temperatures; moisture 
chemical and impact resistant 


CORVEL Nylon Finishes—to impart the out- 
standing wear and low frictional qualities 
of nylon to metals 


Six new resins 
that broaden the 


possibilities of product design 


e Uniform, non-porous coatings having good 
adhesion provide excellent resistance to corrosion 
and mechanical abuse. 


Process licensing is now readily available. A process 
license is automatically extended to the purchaser of 
CORVEL powders from National Polymer Products, 
Inc. upon payment of a small royalty added to each 
sales invoice. General licenses to use the patented 
process are available from Polymer Processes, Inc., an 
affiliate company. 


Technical service is available to help licensees achieve 
the greatest benefits from CORVEL resins and the 
fluidized bed process and equipment. Write for further 
details and the new full-color CORVEL bulletin. 


Visit Polymer Booth No. 315 
Design Engineering Show, Philadelphia 
May 25 to 28 


NATIONAL POLYMER PRODUCTS, INC. / Reading, Pennsylvania 


West Coast Facilities: The Polymer Corporation, Santa Ana, California 


tPolymer Corporation trademark for finishing materials 
*U.S. Patent 2,844,489 and over 30 patents pending 
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Ti Silicon Transistor Application Note 


TRANSISTORIZED INTERCOM EXCEEDS MIL-E-5272B SPECS 


<x CIRCUIT SPECIFICATIONS _ 


150-mw output from -55°C to 
100°C at less than 10% har- 
monic distortion over frequency 
range 

Frequency response @ 25°C 
stable within +2 db of 1000 
cps 100 mw reference level 
from 200 to 8000 cps 


Frequency response @ -55°C 
and 100°C within +3 db of 
25°C frequency response 

Less than S-db gain variation 
@ -55°C and 100°C compared 
to 25°C measurement 


LOUD AND CLEAR ni 100°C! 


---with Ti 2N342A silicon transistors from stock 
I RRM 


You can satisfy the 71°C equipment requirements of MIL-E-5272B at 100°C with the intercom 
amplifier circuit shown above — using TI 2N342A silicon transistors with... guaranteed 3-to-1 
linear beta characteristics... 85-v collector-to-emitter breakdown, giving a wide safety range 
with 28-v aircraft supplies . . . plus dissipation capability of 1 watt at 25°C and 200 mw at 125°C. 


The newest addition to the use-proved TI 2N339 series introduced in 1957, this medium-power 
unit carries the full-year TI guarantee and is immediately available off-the-shelf from all TI 
distributors in 1-249 quantities. For production quantities, contact your nearest TI sales office. 


TYPICAL INTERCOM AMPLIFIER PERFORMANCE CHARACTERISTICS USING 2N342A TRANSISTORS 


Power Output 
@ 10% Distortion (mw) 
o8 8888 


Input Impedance at 1000 cps 


Per Cent of Units Less Than Ordinate 


TEXAS INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 

POST OFFICE BOX 312 . 13500 N. CENTRAL EXPRESSWAY 
DALLAS, TEXAS 
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Design better products with 


DOW CORNING 997 VARNISH 


... maximum reliability at all temperatures 


Designed for Class B temperature rise, the arma- 
ture and field coils of Westinghouse Life-Line 
H industrial DC motors are impregnated with 
Dow Corning 997 Varnish to assure 10 times 
longer insulation life than ordinary Class B 
under all temperature conditions. 


LIFE EXPECTANCY OF CLASS A AND 
SILICONE INSULATION SYSTEMS 


Silicone 
insulated 


Silicone insulated (gloss served 


(Syltkyd enameled 





Bonding insulation components with Dow Corning 997 
Varnish increases the reliability and insulation life of 
electrical equipment. That’s because this silicone varnish. 
withstands the heat of overloads and severe duty cycles. 
It’s unaffected by high ambients and many corrosive 
atmospheres that destroy other insulating materials. 
Performance-proved for continuous service in insulation 
systems operating at temperatures as high as 250C, 997 
Varnish has more than 50 times the dielectric life of the 
best Class B varnishes. 


Dow Corning CORPORATION 
MIDLAND, MICHIGAN 
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Dow Corning Silicone Dielectrics 


MORE POWER PER POUND WITH 
SYLKYD ENAMELED MAGNET WIRE 


Performance-proved for 180 C insulation sys- 
tems, Sylkyd® enameled magnet wire allows 
a higher copper to iron ratio than fiber 
covered, high temperature wires .. . is com- 
parable in diameter and handling properties 
to Class A film insulated wires .. . resists 
most chemicals, moisture, corona, dirt, other 
hazards. Write for illustrated new brochure. 


SILASTIC ENCAPSULATION 
INSULATES, SEALS, PROTECTS 


Parts molded of Silastic®, the Dow Corning 
silicone rubber, are ideal for insulating, 
sealing and cushioning electrical assem- 
blies. Whether molded in place or pre- 
formed, Silastic parts retain their shape 
and remain resilient from —90 to 250C. 
They also provide superior protection 
against moisture, vibration, ozone, corona 
and corrosive atmospheres. Molded parts 
are available from leading rubber com- 
panies, molding stocks from Dow Corning. 


Westinghouse current transformer features 
core-coil assembly encapsulated in Silastic 


SILICONE GLASS LAMINATES 
REPEL MOISTURE, RESIST HEAT 


Electrical parts stamped from silicone-glass 
laminates exhibit over 100 times the mois- 
ture resistance of phenolics. Strong, rigid 
and lightweight, these laminated parts retain 
excellent arc resistance, low loss factor, and 
low moisture absorption after prolonged 
operation at 250C or intermittent opera- 
tion at even higher temperatures. Available 
from leading laminators. 


Terminal pin insulators on Mirro-Matic Percolator. 
For further information on these products, write Dept. 4517 
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CWAP-LOCK 322%:.22 


Actuate Iwo Circuits 


Simultaneously 
.-- Without Special Linkage 


The D-2400 series Snap-Lock Limit Switches with two normally open 
and two normally closed contacts permit making or breaking two 
individual circuits simultaneously. Mounting problems are simplified, 
special linkages eliminated and costs kept to a minimum. 

Snap-Lock Limit Switches were originated by National Acme to meet 
the severe mechanical and electrical conditions imposed by all types of 
machine tools. The outstanding simplicity and ruggedness of these water 
and oil tight switches make them adaptable to the toughest heavy-duty 
assignments. 

Four basic models with a wide variety of actuating levers will handle 
up to 5 amps, 600 volts, AC. For complete details, parts list, and scale 
drawings, write for Bulletin EM-5824. 


et ae ern) 


a 
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e 
SNAP-LOCK National 
Ss W I ¥ oF by Seles Offices: Newark 2, N. J., Chicago 6, Ill., Detroit a Mich. 
D2400- Si 
wy 


MECHANICAL SIDE ELECTRICAL SIDE 
‘ PY | : " | 
THE NATIONAL ACME CO. 5 ae SBS 
bear i, 2. GP of 


TRADE MARK 


CLEVELAND, OHIO 
MADE IN USA 


PATENTS APPLIED FOR 


Ea 02400 


All Snap-Lock switches have separate enclosures within a single 
housing for the mechanical and electrical sides. Ample wiring 
space is provided and maintenance greatly simplified. 
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an invitation to design engineers... 


Magnetics are the clutches of the future elie me AA OLS 
MAGNETICS head the list for performance and depend- 





ability. They provide fast, dependable response WaT LAS 


cellent torque-vs.-size ratio, consistent high performance, and 
instant response to limit switches, relays, punc¢ hed tape, or other 
electric or electronic control 

Sizes range from 2%" to 13%" in diameter, torque ratings 
from 27 inch-pounds to 66,000 inch-pounds. For detailed in 
formation write for bulletin M-102 or call the Home Office, 
Cleveland, Ohio 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 


9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 
IAN wie 


Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 


FAW IC K MAG NE TICs WORL OQ’ S FINEST | i Se Oe CLUTCHES 


FROM THE CASE OF felt): 
A. O. SMITH MOTOR MAN 






Switch, actuator, capacitor, thermostat, term- 
inal board...all sealed-in to seal-out the big- 
gest single cause of fractional motor failure 


1. Seals out dirt, lint, insects and other 
matter. Ventilating air cannot contami- 
nate these vital parts. 


2. Provides complete protection against 
mechanical damage. 


3. Sealed capacitor and terminal board 
assure easy, all-position mounting. 
Absence of externally mounted capaci- 
tor* “dog house” and conduit box per- 
mits installation anywhere and in any 
position. 

4. Sealed, prelubricated bearings re- 
quire no lubrication for the life of the 
motor. 


5. Finally! Ball bearing motors as quiet 
as sleeve bearing motors. 


A. No more “book-end”’ bearings. 
New design permits far closer 
bearing centers. 


B. Super-honed close tolerance 
bearings. 


C. Magnetic noises reduced to 
absolute minimum by special ma- 
chining and assembly processes. 


D. Air noise practically eliminated 
through unique ventilation design. 


6. Single-phase motors with the new 
sealed capsule are available from 14 to 
5 hp. Included are specific designs for 
blowers, pumps, compressors, machine 
tools and material handling equipment. 


*Capacitor is internally mounted on motors 
rated 1 hp, 3600 rpm and % hp, 1800 rpm 
and smoller. 


Adjustable starting switch 


...a new and exclusive feature 
of every A. O. Smith single- 
phase motor. Vital switching 
action no longer depends on 
build-up of tolerances. Switch 
is adjusted after assembly by 
turning the self-locking screw ff 


(A) to achieve preset clearance ff 
between switch button and ac- ff 


tuator. Proper contact align- 
ment and positive switching 
action are assured — guaran- 
teeing maximum life for every * 
motor. Field adjustment and/or 
replacement — equally easy. 


Sealed Capsule Blower 
Motors—resilient base 


Major break-thru in fractional hp motor design... 


BTC aa 
FB ST 









tc a 
















Write today for all the 
facts about the A. O 
Smith line of fractional 
motors moe, hp 

with Sealed Capsule de 
sign. And ask for facts 
about other advance 
design A. O. Smith 
motors to 800 hp 


a 










nT) c 
Ne TT 
Through research gs ...@ better way 


AOSmith 


oe OK / 
ELECTRIC MOTORS 
Tipp City, Ohio 
A. 0. Smith INTERNATIONAL S. A., Milwaukee 1, Wisconsin, U.S.A 
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Special Designs for Industry 


. 
OLD: Conventional magnet assem- 
bly is larger, heavier, and has a more 
complex soft steel pole tip. 


Crystals in General Electric dual-diameter magnet 
line up in direction of magnetization — provide 


higher energy in the gap area. 


NEW: Smaller, G-E dual-diameter 
magnet assembly gives same gap en- 
ergy . .. weighs far less. 


G.E. designs dual-diameter 
directional grain magnets 
to cut loudspeaker size, weight, and cost 


Speaker manufacturers are building thinner, more 
efficient loudspeakers requiring far less magnet vol- 
ume and simplified, lower-cost soft steel return paths. 

The heart of these speakers is a new General 
Electric dual-diameter magnet made from improved 
directional grain Alnico 5. By combining outstand- 
ing permanent magnet properties with a new shape, 
it is now possible to locate the magnet within the 
area of voice coil travel and obtain efficiency and 
compactness never before attainable in hi-density 
level structures. 


Dual-diameter directional grain magnets are just 
one of the exciting new applications made possible 
by General Electric magnetic materials. Each mag- 
net is designed to do a specific industrial job... 
and do it better. And even more advanced magnetic 
materials are on the way from General Electric 
that will soon give you a freer hand in new product 
design. If you would like the design assistance of a 
G-E engineer to help with your product, write: 
Magnetic Materials Section, General Electric Com- 
pany, 7804 N. Neff Blvd., Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES ¢ MAN-MADE DIAMONDS ¢ MAGNETIC MATERIALS ¢ THERMISTORS e¢ THYRITE® © VACUUM-MELTED ALLOYS 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


e Fire-retardant electrical laminates 


e Plastic for wire-spring relay 


Plain... 


or fancy 


This electrical laminate deserves more 
than a casual look, if only because 
there are so many things you can do 
with it. 

Made of glass-reinforced polyester, 
it comes in sheets or molded shapes 
that embody three useful attributes. 
First, they are strong enough to play 
a structural role in heavy-duty electrical 
equipment. Second, they retard fire. 
Third, their excellent electrical prop- 
erties change but little at 100% relative 
humidity. 

The shapes you see here are made 
with Hetron® polyester resin by Fiber 
Glass Industries, Inc., and are inherent- 
ly flame-retardant. Hetron burns only 
in the immediate vicinity of an arc or 
hot flame, and quickly extinguishes it- 
self when the heat source is removed. 
Thus in case of a burnout, damage is 
usually confined to a small area, with 
minimum effect on mechanical strength 
of the material. 

Generally, Hetron laminates exhibit 
very low loss factor over a wide range 
of frequencies. Dielectric constant, for 
a ¥%-inch glass-mat laminate contain- 
ing 35% glass, hovers as low as 4.25. 
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Arc resistance of such a laminate is on 
the order of 110 seconds. 

Do these traits suggest a way to 
achieve long life in equipment han- 
dling medium and high voltages? We'll 
gladly send you the complete data file 
on Hetron resins, and names of skilled 
fabricators who can supply laminates 
and molded shapes to match your ideas. 


Building a better relay 

Often it isn’t enough to design a prod- 
uct. You may also have to find a way 
to make it. 

Such was the case when engineers at 
Bell Telephone Laboratories developed 
for Western Electric Co. a new relay, 
basic component of telephone switch- 
ing equipment. 

In one swoop the new design—called 
the wire-spring relay—promised to re- 
duce manufacturing and maintenance 
costs, work better, and last longer than 
its predecessor. However, this involved 
something that had never been done— 
molding straight wires into small plas- 
tic blocks automatically. 

Before it could be done, Western 
Electric engineers had to: 


1. devise a way to straighten small- 
diameter spooled wire; 


. feed the straightened wire into a 
mold in precisely spaced groupings; 


. embed the wires without shift in a 
molding compound that would in- 
sulate them and hold them securely 
for a relay lifetime of one billion op- 
erations or more. 


Early in the game it became apparent 
that this was a job for phenolics. A ma- 
jor requirement was fast cure. Another 
was batch-to-batch consistency of the 
molding material. At fast cure speeds, 
a 10% variation in curing time can 
mean as little as 1.2 seconds’ leeway 
between a reject and a good piece. 


Volume resistivity was important. 
Could a Durez materia! handle the job? 

Yes, one could. The wire-spring sub- 
assemblies you see here are made with 
it. They are being produced at low cost 
to the required accuracy in fully auto- 
matic molding machines. They prove 
the ingenuity of the men who developed 
this new concept in telephone switching 
—and the versatility that you command 
when you design with Durez materials. 

To get a better idea of how far this 
versatility goes, check the coupon for 
more information. Booklets are avail- 
able describing a range of properties 
you can get from typical Durez mate- 
rials; give helpful suggestions on where 
to use them. 


pocttr cron 
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HOOKER CHEMICAL CORPORATION 


For more information on Durez materials mentioned above, check here: 


(] Data on Hetron, including fabricator lists (SO-A) 
(] Durez molding compounds (14 page booklet) 


() General information on Durez Products (Bulletin 400) 


Clip and mail to us with your name, title, company address. (When requesting 
samples, please use business letterhead.) 


DUREZ p.astics DIVISION 


1305 WALCK ROAD, NORTH TONAWANDA, N. Y. 


—_— hha 


CHEMICALS 
PLASTICS 





How | BaW JOB-MATCHED TUBES | 


save money on parts subject to corrosion 


With B&W Job-Matched Stainless Steel Mechanical 
Tubing you get: 

...a choice from a wide range of stainless steels 
to best fit most combinations of service and 
fabricating requirements 

.. a full range of diameters and wall thicknesses 
in various surface finishes—to reduce machin- 
ing time, and simplify forming operations 

.. consistent dimensional accuracy—which cuts 
forming and machining time. 


This means you can simplify fabricating procedures, 
cut production costs and turn out a better product 
with B&W Tubes matched to the job. 


For complete information about B&W Job-Matched 
Stainless Steel Mechanical Tubing call the local 
B&W District Sales Office or write for Bulletin 
TB-365. The Babcock & Wilcox Company, Tubular 
Products Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 
ctieiia TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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mass tape 
and cloth 


In Varsil $R1036, a long-sought electrical 
insulation becomes a reality: A pressure-sensitive FULLY CURED- 
silicone rubber tape perfect for Class H PRESSURE SENSITIVE 
applications involving high heat and unusual 

mechanical demands. Varsil $R1036 is made by ; 
impregnating glass cloth with Union Carbide** Type FUSIBLE WITH HEAT 
K1605R silicone rubber. The glass base renders 

high mechanical strength; the silicone rubber imparts REVERSION RESISTANT 
excellent electrical properties. These include power 

factor, dielectric constant, and dielectric strength. 

A natural tackiness causes adjacent layers to bond 

instantly at room temperatures. Elevated temperatures 

appreciably strengthen the bond. An interleaving 

layer prevents bonding before use. Varsil $R1036 is ® Agents in all 
supplied on bias-cut and straight-cut glass cloth in tapes principal cities 
or full width. It is also available unsupported. 


HIGH HEAT 
RESISTANCE 


© Complete test data 
available on request 


DISTRIBUTORS 
Earl B. Beach Co., Pittsburgh, Pa. 
Phila. (Clifton Heights) Pa ie ae © 
Brooks Electrical Supply Co., Inc., Baltimore, Md ew e€ rsey 00 in j S in g om pa ny 
John H. Cole Company, Oklahoma City, Okla. 
Socwien! tnevtatien Sates Co., Rutharterd, Mf. J. MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


Electrical Insulation Suppliers, Inc., Atlanta, Go. 


Electric Motor Supply Company, Denver, Colo. WOODBRIDGE, N. J. 


Hanna & Ferguson, Rochester, N. Y. 

Hippler Sales Company, Webster Groves, Mo Varnished Cambric Cloth and Tapes “VARSLOT” Combination Slot Insulation: —— 

oe — Cleveland, © Varnished “Fiberglas’’? Cloth and Tapes Rag Paper and Vartex Varnished Cambric¢ 
Dayton, O. Milwaukee, Wis Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambri¢ 

ee ane . or ad Pittsburgh, Pa. Synthetic Resinous Tapes and Extruded Tubing Rag Paper and ‘Mylar'’* Polyester Film 
ee te ae Cable Wrapping Tapes Asbestos Paper and “Mylar'’* Polyester Film 

C. D: LaMoree, Los Angeles & Berkeley, Calif. 

Punt, inc., Floral Park N.Y ee Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “‘Mylar'’* Polyester Film 

c. E. sigs, = es + Seattle, Wash. “VARSIL” Silicone Varnished “Fiberglas’’t Vartex Varnished “Fiberglas’’t and 

J. P. Scanlon, Rochester, N. Y. . ” 

Summers Electric Co., Inc., Dallas, Houston, Cloth and Tapes Mylar’’* Polyester Flim 

San Antonio, Austin, Texas Special combinations available upon request 


White Supply Company, St. Louis, Me. * Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 


Export Agent : Lionel-Essex International Corp., New York, W. **The term UNION CARBIDE is a registered trade-mark of Union Carbide Corporation, 
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WITH HEINEMANN CIRCUIT BREAKERS 


YOU WRITE THE PEFORMANCE SPECS 


EXACTLY AS YOU WANT THEM 


Electrical and electronic equipment is best pro- 
tected against overcurrent when the protection is 
closely matched to the equipment operating char- 
acteristics. It’s something like the difference in fit 
between a ready-made suit off the rack and a 
custom-tailored one made to measure. 

Heinemann gives you the custom-tailored fit — 
when you need it. 

Take current ratings, for example. With Heine- 
mann breakers you can get the precise rating re- 
quired—even if it’s a fractional value such as 3.4 
amperes. No second-best compromises necessary. 

There’s a choice of time-delay characteristics, so 
that you can obtain just the right correlation be- 


tween tolerable overload and tripping response. This 
eliminates a lot of guess-work and uncertainty. 

If you need exceptional ruggedness, there are 
breaker models specially designed for difficult en- 
vironmental conditions. And if small size is essen- 
tial, Heinemann can offer you a sub-miniature 
breaker no bigger than a matchbox. 

With this kind of special service routinely avail- 
able, it’s small wonder that Heinemann circuit 
breakers are so widely used. Perhaps you can use 
them too. For a clear, concise view of the Heine- 
mann product line, send for Bulletin 301. It’s a 
handy shopping guide for your reference shelf. 


HEINEMANN ELECTRIC COMPANY <@ 99 PLUM ST. TRENTON 2, NJ. 
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INDOX ceramic magnets — manufactured by 

The Indiana Steel Products Company — 

have opened the door for more permanent 
magnet DC motor applications by removing 

the previous restrictions of cost and limited per- 
formance. INDOx is made of low-cost, readily avail- 
able, non-critical materials. Inpox characteristics 
permit the design of permanent magnet motors 
which were impractical with other magnetic mate- 
rials, including Alnico. Also, Inpox permits the 
efficiency of permanent magnet motors to be ex- 
tended to larger motor ratings. 


Most Usable Energy from INDOX V 


Both INpox I and V are well suited for this im- 
portant application. Inpox I, because of its low 
cost and high coercive force, will be more econom- 
ical and outperform such materials as Alnico V in 
permanent magnet DC motors. 


Inpox V — the most powerful ceramic magnet 
material — provides more usable energy in motors 
than any other commercially available permanent 
magnet material. 


Practical Sizes 


Inbox I is suitable for motors from the smallest 
possible size to about 1/5 hp. INpox V, however, 
can be recommended for motors of 1/25 hp and up 
to 10 hp—and higher. Indiana Steel’s experienced 
design engineers can help you choose the best ma- 
terial for your permanent magnet motor design. 


Improve DC Motors with 


Operating Characteristics 


Permanent magnet-field motors generally will 
have characteristics somewhere between shunt 
and series wound motors. Although a permanent 
magnet motor will not duplicate the entire speed- 
torque curve of shunt or series motors, they can 
be made to duplicate characteristics of either type 
over a given range. 


Specific advantages of permanent magnets for 
motor fields are: Higher efficiency, cooler opera- 
tion, minimum use of critical materials, and, 
often, simplification and cost reduction. A de- 
tailed discussion of the application of permanent 
magnets to motor design appears in Applied Mag- 
nets, Vol. 5, No. 3. Write for your free copy... 
Dept. B-5. 


INDIANA 


THE INDIANA STEEL PRODUCTS COMPANY 
VALPARAISO, INDIANA 


THE WORLD'S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 


VEL aR 


aa 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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Newest addition 
to industry's 
most complete 
line of 


Rheostats 


12'4-Watt 


miniature 


AIMITE 


Rheostat 


In Enclosure 


Even though Ohmite already has the most complete line of rheostats 
available to industry, Ohmite continues research and development to 
improve and expand this product line. Newest addition is the 12'2-watt 
miniature Model E Rheostat in enclosure. Ohmite’s Model E wire-wound 
power rheostat will dissipate 1242 watts.* Yet, it is no larger than many 
1- or 2-watt potentiometers. Such extraordinary power handling capa- 
bility is characteristic of Ohmite’s time-proven, all-ceramic and metal 
construction, and exclusive vitreous enamel coating. This tiny unit is 
designed to operate at a maximum hot spot temperature of 340°C. 
Derating is linear from full wattage at 40° C to zero watts at 340° C. 
With its small size, and because it can be used at high ambients, the 
Model E is applicable to many military and aircraft uses. 

Special length shafts and bushings, screwdriver shafts, locking type 
bushing, tandem mountings, enclosures, etc., similar to the variations 
available on the larger rheostat, can be provided upon specific request. 

* Rating on metal panel 


MITE 


Components ft 


’ ‘ 
anta 
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Without enclosure, only 
%" diam. In enclosure, 
exclusive of shaft but 
including terminals, only 
145” long by 14,” diam. 


Compact enclosure of 
Model E Rheostat con- 
sisting of lightweight, 
drawn aluminum 
housing is dusttight. 


BUSHING 
\/4-32 THD. 
WITH 1716" 
THICK HEX. 
NUT 


DRILL 1/6 HOLE 


’ 
IN PANEL +V/32 


" 2 zs 
3/64"X 3/32"HOLE 64 


Smaller than many 1- or 2-watt potentiometers 


All-ceramic and metal—vitreous enameled 


High dissipation for 
applications 


small size—many military 


Tandem assemblies 


consisting of two, three or more 
units can be supplied made to order. 


Resistance range: Up to 5000 ohms with 23 stock values; 
higher values available with OHMICONE silicone- 
ceramic coating. 
Resistance | + 10% 


Weight: 0.52 ounce 


Il SIZES 
12'4 to 1000 Watts | 


Write on company letterhead for Catalog 58. 


Manufacturing Company 
3613 Howard Street, Skokie, Il 


rheostats 
choke 5 re 


tap switches t ‘ 
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Naugatuck VIBRIN LIQUID POLYESTER RESINS 


NEW POTTING COMPOUND 
COSTS YOU LESS! 


Compare these costs! 


GENERAL-PURPOSE NEW 
POLYESTER VIBRIN X-1088B 


Specitic gravity 1.12 Specific gravity 1.04 
Lbs. per drum 500 Lbs. per drum 464 
Cost at $.34/Ib. $170 Cost at $.34/ib. $157.76 

Saving per drum $12.24 


Equivalent saving 
per pound $.0245 


New VIBRIN X-1088B is a proven coating and potting compound that offers all these cost- 
saving features: 


costs less to use than general-purpose gives low shrinkage and low exotherm 
polyester. Lower specific gravity means less 
cost per volume, less cost per part ; : . : ; : . 
costs far less than epoxies low viscosity gives high filler capacity with 
ease of impregnation 


permits controlled gel and cure 


reduces cure time considerably 


Need unusual heat resistance? VIBRIN 136A gives excellent protection at sustained tempera- 
tures of 500° F—intermittent service up to 1000°F! 


Whatever your product, whatever the potting compound you now use, better look into VIBRIN” 
potting resins thoroughly. See for yourself how you'll save! 


° eee 542-V Elm $ 
Naugatuck Chemical Division navgatuck, connecticut 


Rubber Chemicals * Synthetic Rubber © Plastics ¢ Agricultural Chemicals * Reclaimed Rubber ¢ Latices 


DIST. OFFICES: Akron * Boston * Gastonia * Chicago * Los Angeles * Memphis * New York * Phila. * CANADA: Naugatuck Chemicals, Elmira, Ont. * CABLE: Rubexport, N.Y. 
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TO USERS OF BRUSH DIRECT-WRITING RECORDERS! 


_ ee oe = Tu ERE is an important difference in chart 
A Sipe : papers and recording supplies... and the reason 
Se 


is that all Brush equipment and supplies 
are engineered as a total entity. 
Chart paper, pens, ink and the equipment are 
specifically designed to realize the full 
potential of the recording system. The result 
—highest quality chart records attainable. 
Brush chart paper is: 
—precision ruled to insure exact calibration. 
—dimensionally stable in any atmosphere. 
—super-smooth to minimize erratic trace 
and pen wear. 
Your records are accurate, permanent, 
immediately usable, legible and easily 
reproduced when you use Brush chart paper. 
For the most dependable results from your 
Brush equipment — make certain you specify 
Brush chart paper and supplies. Complete 
stocks available from strategically located 
factory branches and sales representatives 
: iA a eg throughout the U. S. and Canada. 
ry tN ks i t 
Write for free literature ‘Check 
the Record,” containing samples of 
Brush engineered chart paper. 


i DIVISION OF 
37TH AND PERKINS CLEVITE CLEVELAND 14, OHIO 


| | 
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slide it on 


and crimp! 


—SSENSEESS 


a fully-insulated 
one-piece tap 
connector 

for shielded 
and 

coaxial cable 


UNI-RING offers a tremendous saving in installation time over any previous method of tapping 
or terminating shielded or coaxial cable. As the inner ring slides under the shielded braid, the 
tap wire is held between the braid and the outer ring. Single or multiple taps, from either the 
front or back of the connector, can be accommodated... A single crimp, using the same basic 
HYTOOLS used for installing HYRINGS, completes the uniform, secure, and insulated assembly. 


The protecting nylon insulation extends beyond both ends of the UNI-RING, eliminating metal- 
to-metal contact and preventing harmful wire-chafing in tight locations. The UNI-RING is 
color-coded to indicate conductor sizes. 


UNI-RING’s one-piece design insures electrical integrity, prevents heating, and eliminates 
noises caused by isolated metal parts. 


For samples and complete detalis, write: OMATON DIVISION 


URNDY 


Norwalk, Connect. « Toronto, Canada 
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control 
for controllers 


Today, you're faced with tighter design 
requirements than electronics has ever 
known before. As a result of miniaturization, 
and the pressing need for greater precision 
and greater sensitivity in electronic 
components, tolerances are closing in on 
everything that affects a component design. 
And more and more, better-performing 
materials are helping solve the problems of 


tighter control of component performance. 


Carpenter is one of the world’s leading 
suppliers of these ultra-modern materials, 
providing the electronics industry with 
the largest selection of alloys for electronic 
magnetic and electrical applications 


available today from any steelmaker. 


dimensional control 


Some characteristics of various groups of 


these Carpenter alloys are shown on the 
charts at left. In addition, Carpenter 
produces stainless steel and silicon irons for 
magnetic cores, temperature compensator 

alloys and a wide range of high permeability 
alloys for special applications. 

Get in touch with Carpenter. Write today, 
fully describing design requirements of 

; alloys you need or are interested in. 

1 And ask for your free copy of the new, 
64-page technical summary of alloys for 
electronic, magnetic and electrical 


ARBRE BES. applications now available from Carpenter. 
resistance control The Carpenter Steel Company, 


115 W. Bern Street, Reading, Pa 


a 


[arpenter: |: 


The Carpenter Steel Company 

Main Office and Mills, Reading, Pa. 

Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn 
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this new TYPE 23 | 
UNIVERSAL ELECTRIC 


FRACTIONAL HP MOTOR = 


packs greater power WIN 
into a smaller motor J ON 


\)) 
Y 


handles jobs formerly 
requiring larger, more 
expensive units 


UNIVERSAL ELECTRIC announces a new 

4-pole, shaded pole fractional HP motor 

... the TYPE 23 ... which provides greater 

power than previous motors of larger 

dimensions. Available in sizes from 1/50 to 

1/12 HP. The improvements that have made this 
motor more efficient are newly designed laminations, 
improved rotor construction, improved material 
processing and the new, free-aligning 

Universal Bearing. 


This revolutionary new free-aligning Universal Bear- 
ing* eliminates fractional HP motor problems due to 
misalignment. It is always in balance and can adjust 
to shaft misalignment 100% of the time under any 
load conditions. Provides longer bearing life, better 
lubrication, easier starting and quieter operation. Now 


NEW, IMPROVED TYPE 118 
FRACTIONAL HP MOTOR 


More rugged and precision built from highest quality 


being used in the new TYPE 23 and the redesigned 
TYPE 118 UNIVERSAL ELECTRIC motors. 
*PATENT APPLIED FOR 


materials, the redesigned TYPE 118 motor... available 
in sizes from 1/200 to 1/50 HP. . . is ideal for 
applications requiring maximum dependability and 
long life. Depending on power requirements, both the 
TYPE 118 and TYPE 23 motors are ideal for kitchen 
ventilators, unit heaters, tape recorders, refrigeration 
equipment, record players, pump units, etc. 


Write for complete information on UNIVERSAL ELECTRIC 
TYPE 118 and TYPE 23 fractional HP motors and the 
new free-aligning Universal Bearing. 


CY UNIVERSAL ELECTRIC COMPANY 
PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT, 14 
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These Sylvania NPN 
Switching Transistors can be 


on your 


breadboard 


You CAN take immediate advan- 
tage of the outstanding performance 
of Sylvania’s most popular NPN 
switching transistors. They are now 
available, through local authorized 
Sylvania distributors, in a new 
Switching Transistor Sampler pack. 
It contains 3 each of the six most 
popular NPN types in Sylvania’s 
extensive switching transistor line. 
It also contains an 8-page booklet 
giving complete specifications and 
data on each type. 

Included in the pack are types 
2N356, 2N357, 2N358 with 100 mw 
dissipation and types 2N377, 2N385 
and 2N388 with 150 mw dissipation 
(base internally connected to case 
for added dissipation). Each type 
features the Sylvania welded her- 


¥SYLVAN IA 


today 


metic seal for full protection against 
humidity and other environmental 
conditions. Each meets JEDEC 
TO-5 or TO-9 dimensions. 

The complete 18-transistor sam- 
pler is available while this offer lasts 
at a suggested industrial user cost of 
$72.95 .. . that’s $28.63 LESS than 


the regular small-quantity price... 
from your authorized Sylvania Dis- 
tributor. He has the new package in 
stock now. So call, write or drop by 
the Sylvania Distributor near you. 
He’l1l be glad to give you full particu- 
lars on these high-stability Sylvania 
NPN Switching Transistors. 


CHARACTERISTICS 


Max. Max. 
Dissipation 
at 25° Ambient 


100 mw 
100 mw 
100 mw 
150 mw 
150 mw 
150 mw 


Juncnon 
Temp (°C) 


Current 
Max. Gain 
1¢ (ma) "FE 


*Bose internally connected to the case 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 
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SyYLVANIA ELEctrRIc Propucts INc. 
Semiconductor Division 
100 Sylvan Rd., Woburn, Mass. 
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SYLVANIA 
NPN SWITCHING 


TRANSISTORS 


ENGINEERING DATA 


SYLVANIA ELECTRIC PRODUCTS inc 
SEMICONDUCTOR DIVISION 7 


These authorized Sylvania Semiconductor 
Distributors can provide off-the-shelf delivery 
of this NPN Switching Transistor Sampler 


EAST COAST 
BALTIMORE 
Radio Electric Service 
5 N. Howard Street 
ENterprise 1-6049 


BOSTON 

DeMambro Radio Supply 
Company 

1095 Commonwealth Avenue 

Algonquin 4-9000 


A. W. Mayer Company 
859 Boylston Street 
COpley 7-5330 


NEW YORK 

Buffalo 

Genessee Radio Inc. 
2550 Delaware Avenue 
DElaware 9661 


Metropolitan Area: 
Arrow Electronics Inc. 
525 Jericho Turnpike 
Mineola, L. |., N. Y. 
JAmaica 6-0300 
Ploneer 6-8686 


Federated Purchaser 
1021 U.S. Rte. 22 
Mountainside, N. J. 
ADams 2-8200 


Radio Wire Television Inc. 
100 Sixth Avenue 
WOrth 6-5300 


Terminal Radio Corp. 
85 Cortlandt St. 
WOrth 4-3311 
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PENNSYLVANIA 
Philadelphia 

Al Steinberg & Company 
2520 No. Broad Street 
BAldwin 3-9400 


Pittsburgh 

South Hill Electronics 
1420 W. Liberty Street 
Fleldbrook 1-6200 


State College 

Alvo Electronic Distributors 
103 South Pugh Street 
ADams 8-6277 


SOUTH CAROLINA 

Greenville 

Carolina Radio Supply Company 
221 West Washington Street 
CEdar 2-6740 


WASHINGTON, D. C. 
Electronic Wholesalers 

2345 Sherman Avenue, N.W. 
DUpont 7-6500 


CENTRAL 
ILLINOIS 
Chicago 
Allied Radio 
100 N. Western Avenue 
HAymarket 1-6800 


Newark Electric 
223 W. Madison 
STate 2-2944 


Benton 

Lampley Radio 

452 E. Church Street 
GEneral 5-8194 


INDIANA 

Indianapolis 

Radio Distributing Company 
1013 N. Capitol Avenue 
MElrose 5-8311 


MICHIGAN 

Ann Arbor 

Wedemeyer Electronic Supply 
215 N. Fourth Avenue 
NOrmandy 2-4457 


Detroit 


Glendale Electric Supply 
12866 Woodward 
TUlsa 3-1500 


MINNESOTA 

Minneapolis 

Northwest Electronic Supply 
52 So. 12th Street 

FEderal 9-6346 


MISSOURI 
St. Louis 
Ebinger Electronics 


8126 Gravois Avenue 
MOhawk 4-7700 


OHIO 
Cincinnati 
United Radio 
1314 Vine Street 
CHerry 1-6530 


Cleveland 

Pioneer Electronic Supply 
2115 Prospect Avenue 
SUperior 1-9410 


Dayton 

Srepco 

314 Leo Street 

BAldwin 4-3871 

Toledo 

Warren Radio Company 

Box 1004 

1002 Adams Street 

CHerry 8-3364 

WISCONSIN 

Madison 

Satterfield Electronics 

1900 So. Park Street 

Alpine 7-480) 

Milwaukee 

Radio Parts Company 

940 No. 27th Street 

WEst 3-5131 
SOUTHERN 

TEXAS 

El Paso 

Midland Specialty Company 

599 W. Paisano Drive 

KEystone 3-9555 


WESTERN 
COLORADO 
Denver 
L. B. Walker Company 
620 Broadway 
Alpine 5-3695 


PACIFIC 
CALIFORNIA 
Glendale 
R. V. Weatherford 
6921 San Fernando Blvd. 
THornwall 5-3551 


long Beach 

Dean's Electronics 
2310 American Avenue 
GArfield 7-0955 
NEvada 6-1783 


Los Angeles 
Federated Purchaser 
11275 Olympic Bivd. 
BRadshow 2-083! 


Radio Products Sales 
1501 So. Hill St 
Richmond 9-7471 


Universal Radio Supply 
1727 So. Los Angeles St. 
Richmond 9-5421 


Oakland 

Brill Electronics 
610 East 10th Street 
TE 2-6100 


Elmar Electronics Inc. 
140 11th Street 
Higate 4-7011 


Pasadena 

Electronic Supply Corp. 
2085 E. Foothill Bivd. 
RYan 1-5291 


San Jose 

Peninsula TV & Radio 
656 South 1st Street 
CY press 4-878! 


San Francisco 
Zack Electronics 
1426 Market Street 
MArket 1-1422 





When you buy Motor Starters —— 


YOU PAY FOR OVERLOAD PROTECTION 


‘ Heat-responsive element 
(solder pot) provides accu- 
rate response to overload, yet 
prevents nuisance tripping. 


Only ONE-PIECE Overload Relays can give 100% 
Protection Only with ONE-PIECE construction 
can you know you've installed the heater correct- 
ly. Only with ONE-PIECE construction can you 
know the heater is exactly centered, or properly 
positioned, so that it performs according to its 
rating. Only with ONE-PIECE construction can 
you know your starters will not operate without 
the thermal units properly installed. Only with 
ONE-PIECE construction can you know your 
motors have full protection. 


~ Heat-producing element is an 
integral part of overload unit. It's 
permanently joined to solder 
pot, can’t become misaligned. 


Only Square D has ONE-PIECE Construction 
ONE-PIECE construction eliminates any possi- 
bility of heater misalignment. Square D melting 
alloy thermal overload relays can be installed 
only one way. They are tamper-proof. They are 
factory-assembled, are individually calibrated 
and tested. Repeated tripping will not affect 
their accuracy. 


Insist on Square D starters with 
melting alloy thermal overload relays 


LET US PROVE IT! 


Let your Square D Field Engineer 
show you 1 howone-piece con- 
struction is accomplished and how 
easy it is to mismatch separate 
heaters and solder pots— 2 an en- 
durance tester to prove that over- 
load units can be reset repeatedly 
without damage while the solder 
is liquid— 3 atripping time tester 
to compare various types of melting 
alloy units and to prove that trip- 
ping time won't change after re- 
peated operation. 


Wile for Bulletin SM-275 for the complete story on Square D starters with ONE-PIECE thermal 
overload relays. Address Square D Company, 4041 N. Richards St., Milwaukee 12, Wisconsin 


ELI n 


Circle 160 on page !7 


COMPANY 





ELECTRICAL MANUFACTURING 


eo 


Barden Precision SFRI-5 miniature bearings as used in a computer gear train. 


Specify BARDEW Precision miniature ball bearings 


wo o 
concen eee 


Dan Precision Miniature Bod 


. —_— , 


Precision-built computer gear trains must 
have uniformly low torque and minimum 
backlash; mounting surfaces for the bearings 
should be simple to manufacture. 


Barden Precision miniature-size bearings 
have the required low torque. Their low 
eccentricity and closely controlled radial play 
assure minimum backlash. Precision flanges 
provide accurate positioning surfaces and 
permit through-boring, eliminating the need 
for housing shoulders. 


Barden Precision miniature bearings are built 
to the same high standards of consistent 
quality as Barden’s larger instrument sizes. 


Barden Precision means not only dimensional 
accuracy but performance to match the de- 
mands of the application. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature, or high speed. For 
less difficult applications, the predictable per- 
formance of Barden Precision bearings can 
cut your rejection rates and teardown costs. 


Write today for your copy of Catalog Sup- 
plement M1 which gives dimensions, per- 
formance and engineering data on Barden 
Precision ball bearings 4” O.D. and smaller. 


THE BAARDEWN corporarion 


69 E. Franklin St., Danbury, Connecticut » Western office: 3850 Wilshire Blvd., Los Angeles 5, California 
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SPECIFY BARDEN PRECISION BALL BEARINGS FOR: INSTRUMENTS © AIRCRAFT ACCESSORIES * COMPUTERS AND RECORDERS © MACHINE TOOL AND TEXTILE SPINDLES © OTHER PRECISION APPLICATIONS 





DATA PROCESSING® 








POINT OF MANUFACTURING DECISION... 


IBM manufacturing control center 
gives management the facts for executive action 


-— TT 7 
\, * . _ 
SALES FORECASTING 
if il 
PRODUCTION SCHEDULING 
INVENTORY CONTROL 


COST CONTROL 


OPERATIONS EVALUATION 


Now ... through IBM data proc- 
essing ... large and small 
companies can control manu- 
facturing operations with pre- 
cision. Manpower, materials 
and machines are used where 
you want them, when you want 
them, in quantities you want 
for the optimum scheduling. 


With new abilities to record, 
process and evaluate current 
data, your manufacturing man- 
agement can base requirements 
directly on market demands. 
Decisions are swiftly reflected 
all the way back through 


assemblies to parts and raw 
materials, manpower and ma- 
chines. 


Applied to inventory control, 
production scheduling, sales 
forecasting, and cost control, 
this new method brings tighter 
control and substantial operat- 
ing savings. Now, new tech- 
niques such as job shop simu- 
lation become practical and 
enable you to look into the 
future with a minimum of trial 
and error. 


Typical results of the applica- 
tion of this IBM method: One 
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manufacturer does a complete 
monthly material requirements 
breakdown for the next twelve 
months in just twelve hours; 
service parts production is cal- 
culated in just one hour; per- 
petual inventory updated on a 
daily basis in one hour. Other 
controls include weekly 
machine load forecast and 
summary inventory evaluation 
reports. 


IBM Data Processing systems 
may be purchased or leased. 
To get the facts, call your local 
IBM representative. 





A quick review of control timer types . . . 


INTERVAL TIMERS — for accurate 
time control where frequent changes in 
setting are required. 


An interval timer consists basically of a 
constant-speed motor, an arm or cam, 
and a switch. The user simply sets the 
mechanism manually to the desired time 
interval. This action transfers switch con- 
tacts that start the timer motor. The 
motor then drives the arm or cam to 
the set point, where the switch is returned 
to its original position and the motor 
shuts off. A variety of dials, knobs, push- 
button start, automatic reset features, 
special housings and additional load 
switches may be used, but the basic op- 
eration is the same in all cases. 


CASS 
CRAMER TYPE 


Time Ranges 


INTERVAL TIMERS — 


TIME DELAY RELAYS — to intro- 
duce an accurate and adjustable delay 
between the closing of a control circuit 
and the actuation of one or more inde- 
pendent load switches. 

Again, a constant-speed motor drives a 
set of precision-cut cams from an adjust- 
able starting point to a later point where 
one or more load switches are trans- 
ferred. The unit continues to the end of 
its cycle, at which point the motor shuts 
off and the timer remains “timed out” 
until it is reset. Optional automatic reset, 
various clutching devices, and a wide 
selection of wiring arrangements make 
the time delay relay a highly versatile 
control with countless uses. 


TYPE 471 


440A 


__TIME DELAY RELAYS 


CYCLING TIMERS —to control a 
repeated sequence of operations in a 
definite time relationship which does not 
require frequent change. 

The basic difference between a cycling 
timer and a time delay relay is that the 
cycling timer continues to run, cycle after 
cycle, until it is shut off. The single-pole 
double-throw load switches are trans- 
ferred back and forth, at exactly deter- 
mined times, by cams fixed to the motor 
shaft. Multiple load switches, an almost 
endless number of cam combinations, 
excellent accuracy, and a wide range of 
basic cycle speeds make the cycling timer 
an ideal program-control device in many 
processes. 


.. you can choose at a glance from this table 


7 CYCLING TIMERS 
412 611-21 | 571 





15s to 
3h 





Load Switches (SPOT) 
Automatic Reset a 

Repeat Accuracy 

(% of total range) 


~ 6 sto 


6sto | 60sto 
24h 48h 3h 





1to5 


~1to8 | 1to4 





Yes 


2% 


Wa% 12% 





~ Progress Indication 

“Adjustable = 

Operated by: 
Momentary contact 
Sustained contact 


Mounting 


Unit List Price 





Motor & clutch rating 





No No 





‘Yes | No | 





$42.00 
to 
$66.00 


All standard voltages in 50, 60 and 400 cps AC, and in DC 


Surface Surface 


No No 
Yes Yes 


Surface 
$ 8.50 
to 
$11 50 


Surface 
$16.00 
to 
$44.00 


~~ $23.50 
or 
| $27.50 








*Exclusive of human setting error 


CRAMER CONTROLS 


CORPORATION 
Box 8, Centerbrook, Connecticut 


LEARN MORE about these and other 
basic timing devices from Cramer’s com- 
plete line. Write for free bulletins on the 
types that interest you — or describe your 
problem and let us help you solve it. 
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New all-epoxy 
[e-[P/\IK® system 
drastically cuts 
encapsulation costs! 


Assembly Time and 
Reject Rate Greatly Reduced 


Soldering of leads 

is quick, simple, safe— 

never a cracked glass or 

broken seal because it’s all epoxy. And 

with rugged epoxy covers, your lead 

@ wires can be made of any metal. 
No coefficient-of-expansion problem. — 


The entire package 
is then heated; the 
pellet automatically 
melts and cures, 
embedding the 
component and 
sealing the cover. 
In cases where 
encapsulation is 
desired without 
embedment, a self- 
sealing epoxy cover 
is available. 


QO ODDO OOOO 


Tle MMe ul mu memes Ll lee 


The E-Pak System consists of an all-epoxy 
header with embedded lead wires, a cured 
epoxy shell and a premetered epoxy pellet. 
The three may be custom-made for your com- 
ponent and are available from one source. 


After the component 
is soldered to the 
epoxy header, a 
premetered pellet is 
dropped into the 
cured epoxy shell. The 
cover and component 
are then inserted into 
the shell. 


You now have a solid, 
chemically-inert seal 
from within; there is 
no solder, no flux, no 
acid to endanger 
component reliability. 
Your component is 
hermetically sealed 
and embedded in 
cured epoxy forever. 


J tO PRODUCTS, INC. 


IME lamer meet ee 


137 Coit Street, Irvington, New Jersey 


ESsex 5-6000 
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Manufacturers of motor driven equipment can obtain 
induction motors that have complete protection against 
all possible conditions that cause overheating and burnouts 


GET TOTAL MOTOR simply by specifying on their motor purchase order — 
* ‘These motors to have KLIXON Type T Protectors’. 
BURNOUT PROTECTION 


Built-in as an integral part by the motor manufac- 


AGAINST ALL POSSIBLE ver. the KLIXON Protector permits maximum over- 


load performance with safety by safeguarding the 


CONDITIONS THAT motor against all abnormal’ operating conditions 


beyond the control of the manufacturer. These in- 
CAUSE OVERHEATING clude: low voltage, blocked ventilation, high ambient 


temperature, stalling, excessive overload, improper 


WITH KLIXON TYPE T current supply, jammed load, faulty belts or couplings, 
PROTECTED MOTORS improper lubrication, electrical component failure, 


mechanical failure and improper installation. 


Here’s what complete protection gives you — safe maxi- 
mum motor output without premature motor failure, 
reduced motor repairs, replacements and service calls. 
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Most conventional protectors used today may protect motors against up to four overheat 
conditions. KLIXON Type T Protectors safeguard motors from all six conditions: 


1. Running overload with or without high ambient or ventilation blocked. 


NO OTHER PROTECTOR 2. Locked rotor normal voltage such as caused by mechanical failure of driven load. 
3. Locked rotor caused by low voltage where decreased torque is insufficient to start load. 
4 


PROVIDES 6-WAY . Locked rotor with main winding only in circuit resulting from open circuit start switch 
failure or open circuit in reversing switch. 
COMPLETE PROTECTION 5s. 


Locked rotor with start winding only in circuit, such as that resulting from an open 
main winding circuit or open circuit in reversing switch. 


. Running with both start and main windings in the circuit resulting from start switch 
failure in closed position or low voltage which prevents reaching switch-over speed. 


Blowers & Fans 


Well Pumps Heating and Cooling Equipment Circulating Pumps 


Over 150,000,000 motors are protected against overheating and burning out with KLIXON PROTECTORS 


METALS & CONTROLS CORPORATION 


Spencer Division 3605 Forest St., Attleboro, Mass. 
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General Plate Guarantees the Performance You Specify with Matched 
Truflex® Thermostat Metal and Electrical Contact ASSEMBLIES 


Here are advantages that are hard to duplicate. 
First ... clad electrical contacts in any shape or form. 
Next . . . 60 types of Truflex thermostat metal 
(resistivity from 15 to 850 ohms per c.m.f.) to meet 
every requirement. 

But most important at General Plate complete units 
are fabricated according to your specifications. 
Shipped to you ready for application in your product, 
these assemblies eliminate your fabricating head- 
aches. Experimental and assembly adjustment costs 


METALS & CONTROLS 


General Plate Division 


CLAD METALS «+ ELECTRICAL CONTACTS + TRUFLEX® THERMOSTAT METAL «+ 
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are crossed from your books. You save money, time, 
worry and trouble. 

Design engineers are invited to make use of 
General Plate contact and thermostat metal engineer- 
ing services . . . for materials selection . . . parts 
design . . . samples. Send us a drawing of one of your 
bimetal-contact parts and let us show you how 
General Plate Truflex Thermostat Metal and Elec- 
trical Contact assemblies can be put to work for you 
Write: 


CORPORATION 


1905 “orest St., Attleboro, Mass. 


PLATINUM METALS «¢ REACTIVE METALS « RADIO TUBE & TRANSISTOR METALS 





An Infinite Capacity— 


It 1s A shibboleth of our times to say that if 
the big problems are solved, the small ones 
will take care of themselves. It may at least 
be questioned whether this attitude is truly 
valid in all areas of human endeavor; cer- 
tainly, it seems to be sharply at variance with 
the training and practice of the engineer. For 
it is the unique mark of the engineering dis- 
cipline to concern itself primarily and metic- 
ulously with the small problems first, to grow 
from the core out, to build the total concept 
of design out of many component concepts. 

It may be the infinitesimal impurity in a 
semiconductor device, the fasteners in a 
complex weapons equipment, the vibration 
mounts in an automation system, the gear in 
a kitchen mixer—in the broad spectrum and 
rich variety of design engineering it is these 
‘small’ elements that constitute the first and 
the most critical problems to be solved. The 
engineer must study, probe, appraise, select 
and integrate the many into the whole. 

No matter how ambitious the overall con- 
cept, nor how elegant its design, the engineer 
cannot risk any lack of vigilance in respect 
to the small problems. Our complex digital 
computers function successfully because the 


sum total of a multitude of small elements 
has been successfully designed. For the op- 
posite reason, they may fail drastically 
usually owing to a failure in solving some 
small, but critical, problem. A malfunctioning 
electronic part, a defective mechanical link, in 
adequate electrical insulation — any one of 
hundreds of similar causes may account for 
the failure. And what is dramatically illus- 
trated in these computers is a common enough 
event in the day-to-day life of the appliances. 
machines and equipment of our normal 
economy. 

The grand design in the engineer’s life is 
of course important. It gives him the vision 
and the impetus without which progress is not 
possible, But first things must always come 
first and the small problems are always 


the first. 


Design engineering (to paraphrase) may 
also be defined as “an infinite capacity for 


‘ ei 
taking pains. 
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Initial application of the S-gener- 
ator metadyne is this large Gid- 
dings & Lewis high-speed, rapid 
table-reversing planer with 40- 
ft table driven at speeds to over 
240 fpm with full reversal in 


less than 1 sec. Metadyne motor- 
generator set (left) for planer 
drive consists of (1. to r.) am- 
plifier metadyne, S-generator 
metadyne (with fan motor 
atop), a-c induction motor and 


d-c exciter for planer motor. By 
planer convention, drive is rated 
100 hp at 250 rpm, 115 volts 
(one-third voltage) for 1 hr 
duty, but can be duty cycled to 
deliver 300-hp peaks over a 
motor field control range of 
750 to 1200 rpm at full gener- 
ator voltage. A-C motor is rated 
150 hp continuous; S-generator 
225 kw, 1 hr. 


The “S-Generator” Metadyne for 
High-Performance D-C Drives 


To improve system performance and 
minimize control hardware, The Louis 
Allis Co. is using constant-current S-gen- 
erators in place of shunt machines for 
rapid-reversing, adjustable-speed — d-c 
drives. Advantages include: 

einherent current limit 


. practically instantaneous 
reaction to load changes 


® fast response to control 
® high commutating level 


® low residual voltage 


WILLIAM ARROTT 


Associate Editor 


METADYNE MACHINEs date back to the 20’s and have been 
widely applied in Europe. But, except for a few special 
types, they have been mostly of academic interest in this 
country. Rotary amplifiers (the amplidyne can be con- 
sidered a type of amplifier metadyne) and the Rosenberg 
cross-field train-lighting generator are the most notable 
exceptions. 

The metadynes are a family of d-c machines, each 
having more than one brush per armature pole, that 
evolved from investigations of commutating problems by 
an Italian, Prof. Joseph Maximus Pestarini (who died 
last year). Prof. Pestarini was perhaps the first to recog- 
nize the tremendous capabilities of metadynes in general 
and the special characteristics that could be developed by 
various combinations of windings and brushes. Literally 
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Definition of the Metadyne 


“4 metadyne is a machine provided with an 
armature having a commutator upon which bear 
at least three brushes per cycle of the machine, 
commutation being independent of the main 
windings of the stator or any eventual magnetic 
member acting upon the armature. The windings 
of the commutating poles are considered auxiliary 
windings and not main windings; and the com- 
mutating poles may often be called auxiliary 
poles according to convention.” 


—Joseph Maximus Pestarini 


In effect, a metadyne is two machines in one with 
the main poles of one machine displaced half a 
pole pitch from the other. This results in twice as 
many polar projections (or apparent poles) on the 
stator as there are poles on the armature. To avoid 
confusion, Prof. Pestarini chose to label stator pro- 
jections as polar segments and to define the ma- 
chine by cycles rather than poles. His definition 
for the number of cycles of a machine is the num- 
ber of times a flux pattern repeats itself around 
the air gap. Thus the sketch of Fig. 5 shows a 
l-cycle machine (stator has four polar segments for 
use with a 2-pole armature) while the photo of 
Fig. 4 depicts the 8-segment stator of a 4-pole arma- 
ture, 2-cycle machine. Small frame size machines 
are generally 1-cycle. 


dozens of metadyne configurations — of which the S- 
generator is but one — are described in his classic text.* 
The limited acceptance of metadynes in this country 
(except as amplifiers) has in large measure been due to 
their cost and complexity. Until recently too few people 
felt the exceptional performance capabilities of the meta- 
dynes worth the price. But the stringency of specifications 
now imposed on heavy machinery drives has created new 
interest in the entire metadyne family both for their 
high-response dynamic properties and the many control 
functions that can be built in. The potential savings in 
external control hardware now make metadyne drives 
appear competitive in cost to many conventional systems 
with little or no premium for the extra performance. 
Vanguarding what may become a definite design trend 
in d-c machinery, The Louis Allis Co. of Milwaukee has 
developed the constant-current “‘S-generator”’?+ as the first 
of a projected series of new metadyne machines. Ratings 
from 1 to 200 kw will become available as the line is 
filled out. This report will discuss the design and opera- 
tion of the S-generator, performance, present applications 
and future possibilities. A brief discussion of other prom- 
ising members of the metadyne family is appended. 


Design and Operation 


When operated below saturation, the S-generator meta- 
dyne is essentially an adjustable constant-current power 
amplifier with stabilizing windings that permit supplying 
*Metadyne Statics, J. M. Pestarini, John Wiley & Sons, Inc., New York, 1952 


tSo-named by Prof. Pestarini because of its schematic representation, Fig. 2 
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ine current 


Line voltage 


1 Generalized output current-voltage characteristic of an S- 
generator. Generator can be designed to exhibit (in the 
linear region below saturation) either (A) a falling, (B) 
constant, or (C) rising current with voltage. 


2-pole armature 


2 Schematic representation of basie S-generator. Generator 
takes its name from the way the primary armature short is 
drawn. 


any kind of load. The field current regulates the output 


current and the load determines the output voltage. The 


generator adjusts almost instantaneously to load voltage 
requirement changes reestablishing current level in 
about 0.05 sec. For a step change of input field voltage, 
the generator will shift to a new constant-current output 
level within 0.1 sec without overshoot. 

In practice, the S-generator can be made to supply 
either a constant, falling or rising current characteristic 
up to the point 
where iron saturation begins. These characteristics are 


over a fairly wide range of voltage 


sketched in Fig. 1 and extended into the negative voltage 
region where the generator absorbs energy from the 
line — as happens when a drive is being reversed. 

Steady-State Operation. Just how a constant-cur- 
rent variable-voltage characteristic is achieved can per- 
haps best be visualized in terms of the simplified machine 
diagrammed in Fig. 2. (Later each of the eleven different 
windings of the actual generator will be introduced. ) 
Suppose the armature is rotating and a current is estab- 
lished in the field winding. This produces a horizontal 
flux which induces a voltage across short-circuited 
brushes A and C. The resulting short-circuit armature 
current establishes a vertical flux that produces a voltage 
between brushes B and D. As load current begins to flow 
horizontally through the armature, it sets up a magneto- 
motive force in the horizontal direction that opposes the 
mmf of the field winding. 


When stability is reached: 


1. The short-circuit current is just sufficient to provide 





Output or load current B to D (Fig 2) 


Short~circuit current Ato C(Fig 2) 


Current 


Eacitation current 


Tune 


Armature current reactions to an increase in voltage across 
control field winding, showing “forcing” action of shorted 
primary. 


Eight-segment, one-piece stator for large 2-cycle, 4-pole 
armature S-generator such as used for reversing planer 
drive. Smaller machines are generally l-cycle with 2-pole 
armatures, 4-segment stators and may not require interpoles. 


necessary vertical flux to induce the output voltage required 
by the load. 

2. The load current value will be such that its flux-pro- 
ducing capability will be opposite and nearly equal to that 
of the control winding. 

3. The horizontal flux will have decayed to a very small 
value just sufficient to cause the short-circuit current re- 
quired for Condition 1 above. 


\ large short-circuit current can be set up by a very 
small voltage across brushes A and C. Very little hori- 
zontal flux is actually needed to induce this voltage. 
Therefore, for all output voltages created by the short- 
circuit current, the horizontal flux will be very small. 
Thus, for the simple case of Fig. 2, the control field 
ampere-turns must approximate the average (or effective ) 
armature ampere-turns in the horizontal direction. Output 
load current will be substantially proportional to input 
control current. 

Effect of Load Voltage Change. With control cur- 
rent held constant, the steady-state load current will 
remain essentially constant for all output voltages, up to 
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Winding no. Axis Function 


~ 
primary armature (A-C) 


vertical 
horizontal secondary armature (B-D) 
vertical control (variator) winding 
horizontal control (variator) winding 
secondary compensating wind- 


ing 


horizontal 


horizontal primary series winding 


vertical secondary series winding 
vertical shunt winding 
horizontal shunt winding 
10 vertical primary interpole 


1] horizontal secondary interpole 


Winding arrangement and identification for a l-cycle 


machine with 2-pole armature. Arrows show mmf directions 
for clockwise rotation and particular armature winding method 
used, 


saturation. Then, if the load resistance is increased, the 
output voltage must automatically increase accordingly. 
The internal action is as follows: 

Just after the load resistance is increased, the load 
tends to fall. The slightest dip in load current upsets 
the “balance” between the opposing mmf’s of the control 
winding and armature. Horizontal flux builds up fast, 
causing the short-circuit current to do likewise. The ver- 
tical flux also increases until output voltage attains the 
necessary value for the load. Once the above three steady- 
state conditions are established, the load current returns 
to its previous value as determined by the control current. 

This regulating action is almost instantaneous. If the 
opposing control and armature mmf’s before the resistance 
change were, say, 1000 and 980 (these values are pro- 
portionately representative), their difference of 20 is just 
sufficient to sustain the required output voltage. Then 
suppose a sudden load change calls for 10 per cent more 
voltage to sustain constant current. When the momentary 
dynamic dip in output current reaches, say, 2 per cent, 
the horizontal flux will have fallen from 980 to 960 mmf 
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and the difference will be 40 mmf, or enough to double 
the short-circuit current and the output voltage. But as 
the voltage need increase only 10 per cent, the rate at 
which the short-circuit current starts to correct the output 
voltage is ten times as fast as if 10 per cent more voltage 
were applied across the short circuit and the output 
voltage were allowed to rise at its natural exponential 
rate. 

Effect of Control Current Change. Figure 3 shows 
what happens to the load and short-circuited currents 
when the control current setting is changed. This reaction 
is also quite rapid, although not as fast as for output 
voltage changes. 

In Fig. 3 the load is assumed inductive. From T, to T, 
steady-state conditions prevail, but at 7, the voltage 
across the control winding is increased, signalling an 
increase in load current to a higher constant current level. 
As the control current increases to its new value, the 
short-circuit current increases at a much higher rate and 
actually overshoots its new steady-state value. In so doing 
it forces a much faster change in load current than would 
occur if the short-circuit current built up exponentially 
to its new steady-state value. The output voltage also 
overshoots its new steady-state value because the load 
inductance opposes the rise in load current. Concur- 
rently, the generator is attempting to raise the current. 
This action is called “forcing.” 

For a pure resistive load there is no load opposition 
to a current increase, so that output current and voltage 
will rise together. 

Construction. Achieving high dynamic performance 
in practice requires a much more complex configuration 
than the simple machine of Fig. 2 to prevent poor com- 
mutation due to flux distortion. The stator of a 2-cycle 


metadyne S-generator is pictured in Fig. 4 and the wind- 


ings of a typical l-cycle machine identified in Fig. 5. 


(See “Definition of the Metadyne” for explanation of 
“eycles.”) Figure 6 shows the winding-by-winding evolu- 
tion of a practical generator from the simplified machine 
of Fig. 2 

In Fig. 6A windings 1, 2 and 4 are carried over from 
Fig. 2. Compensation winding 5 aids commutation by 
keeping the main field from shifting during quick load 
changes. Ideal compensation is to have ampere-conduc- 
tors per inch of pole face match those of armature. The 
primary control field of variator winding 3, introduced 
in Fig. 6B, is to keep the short-circuit (primary) current 
from becoming too high. Series windings 6 and 7 (Fig. 
6C) aid stability by opposing the normal working fluxes. 
Part of the ampere-turns of control windings 4 and 3 
are to offset those of the series windings. Shunt wind- 
ings 8 and 9 (Fig. 6D) determine slope of current 
characteristic (Fig. 1) and may have adjustable re- 
sistances in series to regulate their effect. Interpole wind- 
ings 10 and 11 (Fig. 6E) serve their conventional pur- 
pose of aiding commutation but are usually applied only 
to the larger machines. 

To keep electrical time constants and residual voltages 
to a minimum, the magnetic circuits are fully laminated 
with one-piece stator laminations. Only a minor portion 
of the flux is carried by the field ring. The armature is 
that of a conventional d-c machine. 


Performance 


Although the S-generator is inherently a constant-cur- 
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oensating winding 


6) 


6 


Primary 


series 
aera Secondary series 
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Shunt 
sec axis 


hunt primary Gas 


aaalaiamene (Primary interpole) 
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(‘Secondary imterpole) 


Step-by-step evolution of winding configuration of Fig. 5 

from basic machine of Fig. 2. Arrows show mmf directions 
for current flow shown in (A) and clockwise rotation viewed 
from commutator end. 
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rent device, its initial applications have been to adjustable- 
such as high-speed 
planer drives or large radar-antenna drives — where high 
response and rapid reversing are primary requirements, 
because it has several important advantages over the 


voltage, adjustable-speed d-c drives 


conventional shunt generator normally used in the m-g 
set of such drives. These include: 


e Extremely short electrical time constant. Metadyne 
generator frequency response to changes in control field 
voltage has a —3 db bandwidth, over 20 times that of a 
comparable shunt generator. 

e High commutating level. S-generator commutators 
run black at 400 per cent load whereas shunt generators 
may flash or glow at 200 per cent. 

e Low residual voltage. A 600-volt S-generator will 
get down to 5 volts, while 25 to 30 volts will be considered 
good for a similar shunt generator. 

e Inherent current limit. The S-generator cannot ex- 
ceed its control-field current setting; hence it cannot 
burn itself out. 

e Inherent control capabilities. Since output current 
is a direct function of input control current (or control 
winding voltage) acceleration and deceleration of the 
drive motor are easily controlled with no torque transi- 
ents. By simple voltage feedback, adjustable voltage 
operation and automatic speed control are accomplished 
with minimum external hardware. 


Figures 7-9 show steady-state dynamic performance 
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With full motor field 


Oscillograms taken with Brush recorder 
demonstrating how linearity of control 
and load currents is maintained under dy- 


namic load conditions. 
<-—@ 
10 Frequency response plot of an S-gen- 
erator working into a constant volt- 
age load of approximately 100 amp to simu- 
late an infinite inertia. 


curves of a 300-hp, 1-hr generator developed for a planer 
drive (to be described below). Figure 7, taken with a 
short-circuit load, shows the “current transformer” 
linearity of load current with control current. The family 
of curves in Fig. 8 shows load current vs output voltage 
(proportional to load resistance) for various control cur- 
rent settings. The droop in these curves could have been 
eliminated, but this was felt unnecessary for the par- 
ticular application as drive motor commutation is better 
at the lower speeds. Response to changes in input voltage 
is demonstrated by the oscillograms of Fig. 9. Figure 10 
shows the frequency response of a 150-kw machine work- 
ing into a constant-voltage load, simulating an infinite 
inertia. (The bandwidths of both Figs. 10 and 13 are not 
optimum for metadyne systems but are more than ade- 
quate for the applications presented. ) 


Application 


In developing the S-generator for drive applications, a 
compromise was effected between response time, stability 
and gain. Although a high gain is possible, stability and 
response were optimized by limiting the gain to 200 or 
300. For smaller generators this is sufficient for them to 
operate directly from control voltages without preamplifi- 
cation, but in larger ratings an amplifier metadyne (to 
be described) with or without a magnetic preamplifier 
is used. The signal-mixing functions of a magnetic am- 
plifier can be incorporated in the S-generator or meta- 
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A-C motor Amopl 


metadyne 


S- generator 
metadyne 


Magnetic 
amplifier 


1 1 to accommodate 


for many drives, 


dyne amplifier by using multiple control windings. Also 
many special characteristics can be obtained by cross- 
connecting various windings of the S-generator with those 
of an amplifier metadyne. 

Reversing Planer Drive. One of the first applica- 
tions of the S-generator was to a large high-speed, rapid 
table-reversing planer. For nearly three years a meta- 
dyne-driven machine has worked side by with 
a similar machine powered by a magnetic-amplifier-con- 
trolled shunt-generator drive in the same shop. Dur- 
ing that time the shunt-generator drive has been down 
twice for major overhaul; the metadyne drive has re- 
quired only nominal maintenance. Reversal time for the 
metadyne drive is 0.8 sec at 1200 rpm, compared to 2.3 
sec for a price-wise competitive conventional drive for the 
same 110 Ib-ft® external inertia load.* Figure 11 is a 
schematic of the basic drive pictured in the frontispiece. 
A magnetic preamplifier was used to permit low-wattage 
speed controllers. Speed regulation and frequency re- 
sponse of the overall system are shown in Figs. 12 and 13. 

In addition to simplified control and fast response, the 


side 


S-generator drive demonstrates several unique advantages 
over conventional planer drives: positive current limit 
without overshoot and positive control of the drive motor 
during “suicide” stops or control power failures. Before 


conventional current limit devices can take corrective 


simulated conditions, Ree tests on a 5-hp, 


6 Ib-ft® inertia 


ent 


2 
in 0.3 see of a 2 


*Reversal times are for load 
850-rpm drive report full reversal at 900 rpm 
rotor with no load, no external inertia 


Rad/sec 
Reference volts 


w rad/sec 


Frequency response of overall planer drive taken at 
1090 rpm with no load on the motor and weak field. 
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Basic schematic of reversing planer drive. Magnetic amplifier is used 
low-wattage speed controllers and_ is 


not 


O-C exciter 


+ 
250 v d-c 


Full lood 


Motor armature current, amp 


12 Speed regulation of planer drive using 
constant-current S-generator in adjust- 
able voltage mode. 


required 


action there has to be a measurable amount of overcurrent 
from which they can derive a feedback signal, and the 
feedback signal has to pass through one or more stages 
of amplification to reach the generator. This takes a finite 
time during which current is still increasing. Arec-pro- 
ducing current peaks and torque transients on the load 
may follow. Figure 14 shows the current peaks developed 
in a conventional shunt-generator drive. The S-generator, 
however, adjusts to new input control current levels with- 
out overshoot — as shown in Fig. 3. The control input 
to the generator is limited by saturation of the metadyne 
amplifier and magnetic preamplifier. As described earlier, 
the most minute change in load current initiates correc- 
tive armature reaction practically instantaneously. 

For “suicide” stops the magnetic amplifier input to 
the metadyne amplifier is disconnected and the S-gen- 
erator output voltage is crossed back on the primary field 
of the amplifier through a pre-adjusted series resistor, 
lig. 15. Thus current limit is maintained through satura- 


14 Oscillograms of 
conventional drive 
using rotary amplifier 
and shunt generator taken 
to show current peaks 
produced during reversal 
using a shunt-type cur- 
rent limit device. This 
is for a 50-kw generator 
driving a 30-hp d-c motor 
at no load, external in- 
ertia roughly one-third 
motor WK’. 





tion of the metadyne amplifier, while system gain brings 
the drive to a rapid stop. The motor is at all times @nder 
control of the S-generator. The extremely low residual 
voltage of the generator then precludes creeping. 

The low residual voltage also makes it possible to drive 
both the planer motor and a milling feed motor, sep- 
arately, from the same generator. As shown in Figs. 15 
and 16, the generator voltage can be dropped to essen- 
tially zero, the planer drive brought to a dead stop, the 
drive motor disconnected, and the feed motor connected 
in and started — all in a matter of seconds. ‘To perform 
the dual-drive function with a shunt generator would 
require a more costly, higher-voltage feed motor. 

Because of the high commutating level of the S-gen- 
erator, a high-commutating d-c motor must also be used 
to obtain optimum performance. Special planer motors 
or mill motors present no problem. Rerated standard 
motors will also commutate satisfactorily in metadyne 
drives, but older motors are generally unsatisfactory. 

Other Applications. Metadyne generator drives have 
also been applied to large radar antennas. One such ap- 
plication is the Millstone Hill, Mass., installation of MIT’s 
Lincoln Laboratory. Here two metadyne drives are 
mounted atop the 90-ft tower. One, consisting of an S- 
generator and metadyne amplifier driving two 30-hp d-c 
motors, sweeps the 84-ft diam reflector; the other, a 2.5- 
hp drive using an S-generator without amplifier, operates 
the wave-guide wobbler. Metadyne drives were selected 
as an optimum compromise between minimum main- 
tenance requirements and minimum weight on the tower, 
and for their compatibility with computer control. As 
supplied by Louis Allis, the drives are all-electric; the 
user adds tachometer feedbacks wired to a remote com- 
puter and connects the computer output directly to the 
generator or amplifier control windings in place of the 
conventional speed regulators. 

Other applications currently under development include 
broaching machines, high-cycle lathes, steel mill reversing 
tables (where a single S-generator supplies from 10 to 20 
roll drives) and rolling-mill screwdowns. The constant 
current characteristic lends itself to accelerating high- 
inertia loads such as centrifugal casting machines and 
centrifuges, or to constant-torque applications such as 
barge towing, where towline tension limits must not be 
exceeded, and wet-end helper drives in paper mills. 
Starting jet aircraft is still another possibility, as the d-c 
starting motors on each turbine require both speed and 
acceleration control along with current limit. 


Magnetic 
amp! 
| | 
| 


4 
“= 


15 “suiciding” arrangement for metadyne planer drive 
utilizes inherent current limit and low residual voltage 
of S-generator to bring motor to a definite stop quickly 
without losing control of motor. 
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Other Metadyne Machines 


In addition to the S-generator, Louis Allis has also 
developed the aforementioned amplifier metadyne and 
has several other machines (described below) on the 
boards. The designations are those of Prof. Pestarini. 


Amplifier Metadyne. The amplifier metadyne closely 
resembles a small S-generator, Fig. 17A. The essential 
difference is in the amount of compensation opposing 
the horizontal armature reaction. The S-generator is de- 
signed to have a relatively large amount of net horizontal 
flux for maximum response and stability. As the amount 
of compensation is increased and net flux decreased, the 
gain goes up considerably but the response is slower. The 
basic S-generator is analagous to a 2-stage amplifier with 
negative feedback (through armature reaction). As feed- 
back (net horizontal flux) is reduced, the gain increases. 
When compensation is increased to eliminate the arma- 
ture reaction completely (100 per cent compensation) 
the metadyne amplifier no longer has the constant-current 
characteristic of an S-generator. Instead it operates 
(similarly to the amplidyne) as two series-connected d-c 
generators, Fig. 17B. Output current is dependent on load 
impedance and output voltage is approximately propor- 
tional to control current. 

For controlling an S-generator, the amplifier metadyne 
is usually compensated somewhat less than 100 per cent. 
The exact amount depends on the gain and response re- 
quired, The three sets of curves of Fig. 18 show the effects 
of increasing compensation; note residual 
increase. 

Transformer Metadyne. When the machine of Fig. 
19 is brought up to speed by another machine, it will 
(assuming no losses) continue to run by itself at a con- 
stant speed with /,E, = J],E,;. This mode is theoretically 
possible because with constant speed, the horizontal flux 
#, must be proportional to E,. Hence, with unsaturated 
machines, /., must be proportional to E, since ¢, is created 
by the armature reaction of J,. Similarly, E, is propor- 
tional to /,. The name “transformer metadyne” derives 
from the similarity of current-voltage relations to that of 
a transformer. In practice, a small amount of power must 
be applied to keep the speed constant, or a speed-sensing 
device is required to supply a corrective signal to a speed- 
compensation field winding on the metadyne. 

Alpha Motor. This machine, Fig. 20, has character- 
istics suited for a traction or hoist drive. Assume the 
armature is locked and fed a constant current J, (from 


voltage 


S-Generotor Planer motor Milling table feed 


16 Low residual voltage also permits S-generator to switch 

directly from high voltage planer motor to lower voltage 
milling table feed motor when a suitable switching arrangement 
is incorporated in control circuit. 
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1 Small S-generator (A) used as an amplifier 

increasing horizontal armature reaction com- 
pensation to obtain desired gain. With 100 per cent 
compensation (B) metadyne amplifier loses internal 
feedback and constant-current characteristic; instead 
behaves as two cascaded machines. 


-_> 
18 Effect of increasing compensation in metadyne 
amplifier. Gain increases but response slows 

and residual voltage rises. 


an S-generator) and the field winding is also excited by 
a constant current J, sufficient to saturate the machine 
strongly with a horizontal field ¢,. Shaft torque will be 
proportional to /, & ¢,, but with the motor at a stand- 
still no voltage is induced between the horizontal brushes 
and J, is zero. The horizontal brushes are series con- 
nected to a many-turned field winding F, and a large 
resistance. 

When the armature is released, it will start to rotate. 
Because 7, is constant, 6, remains constant, a voltage pro- 
portional to speed develops across the horizontal brushes, 
and /, proportional to speed flows through F., creating 
a flux opposing that of F. Since the flux of F was sufficient 
for saturation, the flux from F, has little effect on the 
developed torque until the machine reaches high speed. 
when /, gets sufficiently high for the ampere-turns of F. 
to approach those of F. Then the developed torque drops 
suddenly, Fig. 20B. 

Theta Motor. When the configuration of Fig. 21 is 


fed from a constant-voltage source FE, it develops a con- 


Load 


19 Metadyne operated a- a ro- 


tary transformer. hoist drives. 
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Alpha motor configuration for traction, 














+ 
+60 -60 +60 -60 


Control winding ampere-turns 


stant-horsepower characteristic especially suitable for 
center winder drives. The horizontal brushes are short- 
circuited and the horizontal field S is for starting. only 
and is disconnected during run. 

With the motor running (S disconnected), the hori- 
zontal field generating the motor torque is created by the 
horizontal armature reaction of short-circuit current /,, 
which is induced by the vertical field ¢, created by the 
difference excitation between the control winding C and 
the armature reaction of J,. Because only a few ampere- 
turns are necessary to generate 9., the armature reaction 
of J, is substantially equal to the control winding excita- 
tion. For constant 7, the load current is essentially con- 
stant and independent of load torque, hence resulting in 
constant power from the line. OOO 
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How to Specify Insulating Varnishes 
for Equipment Reliability 


This article reviews insulating varnishes 
as key components in a given electrical 
insulation system. Selection of an opti- 
mum varnish requires appraisal of many 
types of varnishes and of many factors 
including inherent physical, thermal and 


dielectric characteristics, compatibility 


with other system elements. and applica- 


tion techniques. 


D. L. McCLENAHAN 

Chief Electrical Engineer 
ScHENECTADY VarNisH Company, INc. 
Schenectady, New York 


COMMONLY ASSOCIATED with surface coatings, insulating 
varnish is an important component of the insulation sys- 
tem of motors, generators, transformers and other elec- 
trical equipment. Through proper selection of a varnish 
it is possible to improve the insulation life, increase 
electric strength, extend the life of equipment exposed 
to humid, dusty or corrosive atmospheres, and design 
smaller, lighter equipment or components without re- 
ducing their efficiency. 

The task of selection is complicated. The number and 
variety of available varnishes, their methods of applica- 
tion and compatibility with other insulating components, 
as well as the expected conditions of use, make the 
proper choice most difficult. It is the purpose of this 
article to identify the major varnish types now available, 
their properties and applications, and to highlight the 
major factors to be considered in their selection. 


Varnish Types 

Three major types of insulating varnishes are in use: 

A. Air-Drying—Often called oxidizing or non-heat 
reactive. They may be either clear or black. 

B. Solventless—They are polymerizing and do not 
require oxidation to complete the cure. They do not 
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contain any volatile solvent but may contain fillers or 
extenders. 

C. Heat-Reactive Baking or Polymerizing—They cure 
with application of heat, contain solvents that are ex- 
pelled during the baking cycle, and may be clear, black 
or colored. 


The Function of Insulating Varnish 

Varnishes are applied to supplement or improve other 
components of the insulation system. They are used to 
impart to electrical equipment some or all of the fol- 
lowing qualities: 


. High insulation resistance 

2. Added electric strength 

3. Are resistance 

4. Corona resistance 

. Moisture resistance 

. Chemical corrosion resistance 
Resistance to liquid or gaseous refrigerants 

. Abrasion resistance 

. Oil proofness 

. Bonding strength 

. Thermal and mechanical shock resistance 

2. Flexibility of windings 
High heat resistance and long insulation life 
Resistance to nuclear radiation in rockets, missiles 
and space vehicles, also in nuclear power applications. 


Often a compromise is necessary to obtain the proper- 
ties that are most desirable for a given application. At 
times it may be necessary to sacrifice a desired property 
to obtain a more important one. 


Factors Influencing Choice of Varnish 
Factors that will limit or influence choice of varnish 
are: 
1. Equipment to be treated 
2. Cost factors 
3. Available baking equipment 
a. top available temperature 
b. baking time 
c. type of oven available (batch, conveyor, 
infrared or high-velocity air) 
d. preheat available 
. Thinners (health and fire restrictions may prevent 
the use of toxic or highly volatile solvents) 
5. Treating process 
a. dip c. flow coat 
b. vacuum d. spray, etc. 
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A background in treating processes and a knowledge 
of capabilities and limitations of his manufacturing plant 
will be useful to the equipment designer in selecting the 
optimum insulating varnish. 

In order to design for the optimum insulation system, 
the compatibility or noncompatibility of the system 
components must be considered. For example, the de- 
signer must know how the varnish and the magnet wire 
will affect each other. For a proper combination, infor- 
mation based on accurate test data or actual field ex- 
perience is necessary. Before discussing the compatibility 
of varnish and wire coatings, each of the major types of 
varnish will be described. 


General Description of Varnish Types 


The first insulating varnishes were limited to natural 
fossil gums combined with linseed, tung or other drying 
oils. These cured primarily by surface oxidation and, as 
a consequence, were unsatisfactory for deep coil insula- 
tion. The eariy varnishes were both clear and_ black, 
and are still in limited use today. 

The development of heat-reactive, synthetic resins 
revolutionized the entire field of electrical insulation. 
Their ability to cure completely in deep sections has 
minimized equipment failures because wires are bonded 
and cannot move even within the deepest section of the 
coil, 

Some applications still utilize air-drying oleoresinous 
varnishes because of low cost. However, the majority of 
varnishes used today are heat reactive with a synthetic 
resin base. These resins are blended or chemically com- 
bined with drying oils and thinned to working viscosity 
with an appropriate solvent. Modern synthetic varnishes 
cure in one to four hours. Old oleoresinous varnishes 
required as long as a week to cure completely. The 
solvents or thinners ‘are expelled during this curing 
cycle and the residual film provides the essential physi- 
cal, chemical and electrical properties required of the 
insulation. Most varnishes today are clear, but blacks 
are still preferred for some special applications. Pig- 
mented enamels are also used for finishing or sealing 
of windings, joints, gasket assemblies, bus bars and 
similar applications. 

In deep or intricate coils, evaporation of the solvent 
frequently results in voids in the varnish mass. To over- 
come this, strenuous efforts have been made to develop 
improved solventless varnishes. Several of these are 
available, including polyesters, silicones and epoxies. 
Since these often require special processing, their appli- 
cations appear to be somewhat limited. 

The major types of synthetic resins used in modern 
insulating varnishes include phenolics, oil-modified 
phenolics, alkyds, melamines, ureas, polyesters, epoxies 
and silicones. More recently, polyurethanes and acrylics 
have been used. 

An analysis of the major types of varnishes and their 
properties, with particular emphasis on thermal classifi- 
cation*® and compatibility with major wire-enamel coat- 
ings, follows. 

Though some silicone varnishes are useful at 180 € 
(Class H) temperatures, the bulk of the available in- 
sulating varnishes until recently was limited to 105 C 
(Class A) operation. As a consequence, designers of 
equipment intended for 130 C (Class B) or higher 


*AIEE Standard No. 1: 90 C, 105 C, 130 C, 155 C, 180 C, 220 C and over 220 C. 
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temperatures were forced to compromise or resort to 
excessive safety factors to compensate for this thermal 
instability. 

The development of polyester, epoxy, alkyd-silicone, 
silicone and other heat-reactive synthetic resins has 
made possible the design of equipment capable of oper- 
ation at 130 C, 155 C, 180 C and higher. 

It is important to know, therefore, the thermal limita- 
tion of each of the three major types of varnishes, as well 
as their compatibility with the several major types of wire 
enamels now available. 


Air-Drying, Oxidizing 
or Non-Heat Reactive Varnishes 


1. Oleoresinous—This group includes oil-modified 
varnishes utilizing natural, phenolic and other synthetic 
resins plus driers and thinners. They are generally sup- 
plied as clear varnishes but may also be modified with 
pitch or gilsonite to provide blacks. These varnishes 
have fairly good moisture resistance and are often used 
as finishing coats for electrical equipment and as touch- 
up coats for rework. 

Oleoresinous varnishes are usually applied as a top 
coat over coils which have previously been insulated 
with a heat-reactive impregnating varnish. They are gen- 
erally used over other varnishes but could be used 
directly over most Class A magnet-wire coatings as an 
additional protective coating. They can also be provided 
with a fungicidal agent such as salicylanilide or mercuric 
compounds to meet Government specifications for mois- 
ture-resistant and fungicidal varnishes. (MIL-V-173 A is 
one of the fungicidal varnish specifications. ) 

2. Alkyd Varnishes 
oil resistance, good moisture resistance, flexibility and 
long life. Because of their non-arc-supporting proper- 
ties, they are used as the finishing coat for high-voltage 
equipment (including instrument transformers), print- 
ed circuits and similar applications. They are usually 
used over baking varnishes but can be used directly 
over most of the wire enamels. 

3. Spirit Varnishes—Clear or black spirit varnishes 
are made by dissolving natural or synthetic resins in alco- 
hol. They dry rapidly to a hard glossy surface and are 
used as a finishing coat. As spirit varnishes have fairly 
good oil resistance, equipment coated with them can be 
wiped off with an oily rag or solvent without attacking 
the coating. 

Generally, all air-dry coatings, oleoresinous, alkyd 
or spirit varnishes (and others such as the newer urethane 


These varnishes have excellent 


coatings) have good dielectric properties, fairly good 
moisture resistance, fair oil and chemical resistance. 
However, they have poor through-cure and bonding 
properties, especially at high temperatures. They should 
be used only as protective coatings and to touch up 
rework. It can be said that an additional coat of a good 
baking varnish is better than two coats of a superior 
air-dry varnish. 


Solventless Varnishes 


For years solventless varnishes have been made which 
are nothing more than the oleoresinous varnish bases 
without thinner. These are very viscous and must be 
applied from heated dip tanks. They require long baking 
cycles and any attempt to shorten baking cycles by use 
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Varnish type 
Modification 


AIR DRYING 


Clear oleoresinous Rosin-phenolic Drying oils 


he $$ $_$_—___— 


Black oleoresinous Rosin-phenolic 


| pitch-gilsonite 


Drying oils 


>-—$ $< ——___—— _ 


Glycerol-phthalate Drying oils 


BAKING- 
POLYMERIZING 
Oleoresinous Rosin-copal 
congo-asphalt 


| 


Glycerol- 
phthalate 


— peers 


Alkyd /phenolic or 
urea-melamine 


Glycerol- 
phthalate 


——$_—__—_—_ ——————— 


Alkyd /silicone Glycerol- 


phthalate 


hE 


Silicone Silicone 


— Ea — 


Phenolic Phenolic 


+ — sO 


Phenolic-oil modified | Phenolic 


soya oil 
—— eee pence +—- —— 


Acrylic Acrylonitrile Phenolic 


Polyester 


| 


Flexible polyester 


Highbonding 
polyester 


* Used over pre-varnished coils 
+ Class depends upon per cent of silicone modification 
{t MIL-V-1137A Type CB 


Drying oils (lin- 
seed-tung-soya) 


Linseed-soya oil 
Phenolic or urea- 


melamine with oils 


Silicone with oils 


| Linseed-tung- 


Checklist of Insulating Varnishes 


Thinner 


M.S.- 
VMP-X 


x 


| Baking cycle 


+—___ 


Thermal class, deg C 
Temp., deg F 
Applications 


+ 
| 


Air dry Finishing & re- 
work touch-up* 


ee. 


Finishing & re- 
work touch-up* 


Finishing & re- 
work touch-up* 


Clear & black 
finishing * 


Radio-TV-ballast 
transformers 


Oil resistant 
Arc resistant 


105- ‘ : General purpose 
130 Class B 


—}—___—_ SS 


130 | |} 3 375 | Flexible Class B 
1155-180 & F 


+ -—-- + —— 


1807 | 375 5 | Flexible Class H 


— ee 


300 Refrigeration motors 
High speed armatures 


275-300 General purpose 


ae 


Refrigeration 
motors 


Chemical resistant 


375-400 Flexible—Class F 


300-325 Bonding—Class F 
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—Types and Characteristics 


Magnet Wire Coatings — Thermal Classification 





180 C (Class H) 


185.C 
(Class F) 


| 


130 C 
(Class B) 


105 C (Class A) 
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of more reactive resins caused gelling in dip tanks. Any 
possible advantage in complete coil filling was over- 
shadowed by troublesome treating procedures. There- 
fore, their use has generally decreased over the years. 

Recently, newer resins such as polyesters, epoxies 
and urethanes having relatively low viscosities at 100 
per cent solids have made possible complete inpregna- 
tion and fast short-curing schedules. Their use, however. 
is still limited because of the short pot-life of these 
two-component materials. 


Heat-Reactive Baking or Polymerizing Varnishes 


This type of varnish is 
made from natural gum such as copal, congo, rosin or 
asphalt blended with drying oils—usually linseed, tung 
or soybean oil. It is limited to use in small coils and 
assemblies where the mass of varnish is small and the 
through-curing is not a problem. The chief advantage is 
low cost. Good electric strength and reasonably good 
moisture resistance are exhibited. 

Black baking varnishes with excellent moisture re- 
sistance are produced with blends of pitch, asphalt or 
gilsonite. These are used on large stator windings where 
moisture resistance is important even if bonding strength 
and oil resistance have to be sacrificed. These varnishes 
will resoften somewhat under heat; they are, therefore. 
not recommended where bonding strength at high tem- 
peratures is required, as in rotating equipment. Thermal 
classification of these materials is usually given as 105 
C, Class A. 

Varnishes of this type are usually used only with the 
relatively low-cost plain ename! or conventional enamel 
(as they are sometimes called) as well as with Formvar 
and cotton-covered enameled wire. They would not be 
recommended for the higher-temperature enamels such 
as silicones, polyesters or epoxies because these var- 
nishes do not have the heat stability of the better en- 
amels. Their use with the high-temperature enamels 
would only tend to degrade the whole system, and they 
are therefore not recommended. 

2. Alkyd Varnishes (Heat Reactive)—Glycerol-phtha- 
late resins are combined with drying oils such as linseed. 
tung, soya or castor oil. The resulting varnishes are noted 
for their heat stability, excellent dielectric properties 
and resistance to oils. The alkyds are somewhat slower- 
curing than phenolic heat-reactive varnishes. The films 
are very durable and, in the proper combination with 
other insulation materials, Class B operation can be 
permitted; however, alkyd varnishes are usually recom- 
mended for 105 C (Class A) operation. 

For sealing and finishing operations, pigmented en- 
amels with an alkyd-resin base provide excellent pro- 
tection for windings against oil and dust contamination. 
They are available in a variety of colors to suit the re- 
quirements of the application. They air-dry rapidly or 
bake to a hard, curable, glossy surface which minimizes 
dust collection and is resistant to oil, gasoline, weak 
acid, alkali and salt water. Alkyd varnishes have excel- 
lent arc resistance and do not carbonize on the surface 
or sustain an electric arc. They can be used with Form- 
var, nylon, epoxy, polyester and glass-covered wire. 

3. Alkyd-Phenolic and Alkyd-Urea or Melamine Var- 
nishes—These varnishes have slightly better heat re- 
sistance than the oil-modified phenolics. They have good 
dielectric properties and good resistance to moisture. 


1. Oleoresinous Varnishes 
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hot oil and weak acids. This group of varnishes includes 
those having a high percentage of alkyd resins, which 
are very flexible, and also hard-to-brittle varnishes that 
contain high percentages of phenolic, urea, or melamine 
resin. This entire group is generally not as heat resistant 
as the polyesters an! polyester-phenolics and should be 
classified as Class B insulating varnishes. They can be 
used with almost all of the magnet-wire coatings. How- 
ever, the hard varnishes of this class, particularly those 
containing urea and melamine, tend to degrade the very 
high-temperature polyester wire-coatings under prolonged 
heat aging at high temperatures. 

4. Alkyd-Silicone Varnishes—Some cost advantage 
over straight silicones is provided by this type. Good 
dielectric properties and better oi] resistance than pure 
silicones are shown but moisture resistance is not as 
good. These varnishes cure quite well internally, but, 
like the pure silicones, tend to be somewhat thermo- 
plastic and soften under heat, losing their bonding prop- 
erties at high temperatures. They have excellent heat- 
aging properties at high temperature. 

Alkyd-silicones are generally compatible with all the 
magnet-wire enamels. They are particularly recom- 
mended for use with high-temperature polyesters, sili- 
cones, or Dacron glass-covered wire. These varnishes are 
in the 155 C class (Class F) but will approach 180 C 
(Class H) as the percentage of silicone is increased. 

5. Silicone Varnishes—Silicone varnishes are supplied 
as 100 per cent silicones and as alkyd-modified silicones 
described in the preceding section. The 100 per cent 
silicones are recommended for 180 C (Class H) opera- 
tion and have excellent heat stability and moisture re- 
sistance. High cost limits their use somewhat, but this 
is overlooked when operation at Class H temperatures is 
required. Bonding properties at elevated temperatures 
are considerably less than when cold, so equipment de- 
signers should not depend upon the varnish film for 
holding coils under high stress at high temperatures. 
These varnishes are recommended for use with glass. 
glass-silicone and with straight silicone-enameled wire. 
As the silicone resins remain flexible after long heat- 
aging periods, their use with polyester enamels will con- 
siderably upgrade the system and will allow operation 
at 180 C for extremely long periods. 

6. Phenolic Varnishes—Phenol-formaldehyde _ resin 
solutions in alcohol or aromatic solvents (such as toluol 
or xylol) provide varnishes with outstanding prop- 
erties of fast cure, excellent chemical resistance, hard- 
ness and bonding strength. High-temperature hardness 
and bonding strength make these varnishes particularly 
suitable for high-speed rotating equipment. 

Combined with fillers such as tale or silica, the var- 
nish is made into a slurry or paste and applied to coils 
as they are wound. The varnish cures to a hard concrete- 
like mass which prevents any movement of coils. Rotat- 
ing-field coils of synchronous motors are made in this 
manner. The outstanding chemical resistance of these 
coatings makes them suitable in hermetic motors which 
are subjected to gaseous or liquid refrigerants. Gener- 
ally, these varnishes are classed as 105 C (Class A) 
materials, and perform well with Formvar, nylon, nylon- 
Formvar and epoxy enamels. 

7. Oil-Modified Phenolic Varnishes—These varnishes 
are probably the most widely used and more variations 
are available to the engineer than with all other types. 
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They vary in hardness, speed of cure, and flexibility 
depending on the amount and kind of oil modification. 
Extremely hard, high-phenolic-content varnishes are 
used for rotating equipment. The more flexible “long 
oil” varnishes are recommended for coils where flexi- 
bility and long life are required. Many of these var- 
nishes will meet the requirements of Government Speci- 
fication MIL-V-1137 A, Grade CB (clear baking). Gen- 
enerally, the more flexible varnishes cure slower than 
do the harder phenolic types. 

Most of the varnishes in this class have excellent 
dielectric properties, good chemical and moisture re- 
sistance. They are compatible with most wire coatings 
and perform particularly well with Formvar, nylon, 
nylon-Formvar, epoxy, urethane, and polyester enamels. 
The high-phenolic-content varnishes of this class are 
generally not recommended for use with high-temperature 
polyester enamels because they do not have heat stability 
equal to the enamels, and have a tendency to degrade 
the system. Most of these varnishes would fall into the 
105 C (Class A) thermal classification. However. var- 
nishes which meet Government Specification MIL-V-1137 
A are classed as 130 C (Class B). 

8. Water-Soluble, Oil-Modified, Phenolic Varnishes 
Recently, emulsions of the oil-modified phenolic var- 
ishes have become available. The obvious advantage is 
the elimination of the fire hazards from flammable sol- 
vents. Tap water can be used to reduce these varnishes. 
thereby providing a cost saving. These varnishes are 
rather new and at present their use is not widespread. 

9. Acrylic Varnishes—When cured, these water emul- 
sions of acrylonitrile resin provide varnishes highly re- 
sistant to liquid and gaseous refrigerants. Air condition- 
ing and refrigerating equipment manufacturers are 
therefore investigating acrylic insulation systems for 
hermetically sealed motors. These varnishes and coat- 
ings fall into the 105 C (Class A) range. 

Usage will probably be limited to the hermetic motor 
application because of the special techniques and equip- 
ment necessary for their proper application. Special 
curing cycles are needed to prevent blistering and 
bubbling, but complete cure can be attained in reason- 
ably short cycles. The acrylic varnishes have rather good 
dielectric properties when dry, although electric strength 
drops off rapidly in the presence of moisture. Tapes, 
slot and phase insulation are now being impregnated 
with acrylic varnish. Magnet wire is. still another 
application. 

10. Polyurethane Varnishes—These chemical combina- 
tions of isocyanate resins and polyester resins can be 
supplied as very flexible or as very hard varnishes. They 
have excellent through-curing properties and remain 
strong and tough at either low or high temperatures. 
They have good dielectric properties and very good re- 
sistance to water, moisture and corrosive chemicals. 
They also have excellent resistance to liquid dielectrics 
(both mineral oil and askarel types). 

The short pot-life of these varnishes, however, is a 
drawback. They are usually supplied as “two-package” 
materials and must be mixed immediately prior to use. 
Therefore, their use is limited to specialty applications: 
they are not suitable for production or conveyor-line 
dipping procedures. 

As the use of the polyurethanes is still somewhat 
limited, very little data are available on their com- 
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patibility with the standard wire enamels. It can be said 
that owing to the strong solvents used in formulating 
these varnishes, their use should be restricted to en- 
amels having excellent solvent resistance, such as Form- 
var, nylon, polyesters and epoxies or the glass-covered 
magnet wires. Polyurethane resins have good heat-aging 
properties and should fall into the 130-C classification. 

11. Epoxy Varnishes—The epoxies are comparatively 
new as insulating varnishes, but as more experience is 
gained their properties are being more widely utilized. 
Epoxies have excellent durability and exhibit chemical 
inertness. They are generally rigid materials but are 
also supplied as plasticized flexible varnishes. Tempera- 
ture classification is generally recognized as 105 C 
(Class A) but, by the proper choice of accelerators or 
catalysts, epoxies with higher heat stability have been 
produced. These are being recommended for 130 C 
(Class B) applications. These varnishes work quite well 
with most of the standard wire enamel coatings, par- 
ticularly Formvar, nylon, Nyform, epoxy and epoxy 
modified wire enamels. 

12. Polyester Varnishes—The polyester materials are 
new high-temperature insulating varnishes designed for 
130 C (Class B) and 155 C (Class F) operation. They 
are available both as very flexible materials and as 
rigid, tough, high-bonding varnishes. Both types have 
long heat life. They have excellent durability, chemical 
and moisture resistance, and maintain excellent dielec- 
tric properties for long periods at temperatures of 180 C 
and above. They perform well with most available wire 
enamel coatings, such as Formvar, nylon, Nyform, 
epoxy, urethane, and are particularly recommended for 
the high-temperature polyester enamels. 

When used over Formvar, Nyform and other Class A 
wire enamels, polyester varnishes will considerably up- 
grade these enamels and will allow operation at higher 
hot-spot temperatures. With polyester enamels, they pro- 
vide a system able to operate at better than 155 C€ 
(Class F). 

These polyester varnishes are now being used to im- 
pregnate tapes and glass cloth for phase and slot in- 
sulation and also for glass sleeving. The equipment 
designer now has available a complete, compatible, high- 
temperature insulation system which will a!low smaller. 
more efficient, less expensive construction than has ever 
before been possible. 


Summary 


The selection of an insulation system for any given 
application calls for a comprehensive and critical knowl- 
edge of all the component elements of the system. Of 
these elements, the insulating varnishes are equal in 
importance to the others. The basic chemical nature of 
the varnish; the various modifiers, thinners and other 
constitutents of the formulation; the baking cycles, life 
characteristics and degrees of compatibility with the 
other components of the system all have a bearing on 
the selection of the optimum varnish. As an aid to equip- 
ment designers, the information in this discussion has 
been condensed into a check-list tabulation. OOO 
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Despite the many recent developments in 
switching technique, there is a continuing 
demand for a variety of relays, especially 
in miniature and “electronic” types. Pres- 
ent requirements for such relays are dt- 
verse and difficult to meet. The design 
objectives and solutions as developed in 
the U. 


present some interesting contrasts in en- 


S. and in the United Kingdom 


gineering practice. Examples of specific 
relay designs demonstrate the differences 


in approach to similar problems. 


J. H. MITCHELL and L. 5S. DISTIN 
Ericssons Lrp. 
Beeston, Nottinghamshire, England 





Fig. 1—Various forms of coil construction for high-tempera- 
ture relay service, 
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The Miniature Relay in Great Britain 





Major FACTORS THAT have influenced relay design 

recently are the needs for space saving and for resistance 
to vibration in ground and airborne equipment and in 
missiles. Specifications for components in such applica- 
tions are continually being made more rigorous at a pace 
exceeding the possibility of developing good relays. This 
is not restricted to the United Kingdom; in American 
equipment also we find relays which do not comply with 
a full specification but which are used and presumably 
work satisfactorily in particular applications. 

Design Problems. One of the most serious limitations 
to miniaturization is the magnet-wire insulation. With 
progressive size reduction in relay design, there has been 
a tendency to use smaller-diameter wire and to operate 
at higher temperatures. With conventional wire coverings 
the continous working-temperature upper limit is 130 C. 
Recent studies in conjunction with a leading wire manu- 
facturer and independently have led to several promising 
techniques that may permit the raising of relay operating- 
temperature limitations with respect to the winding insu- 
lation. 

Tests on a relay having a winding of copper wire 
covered with ceramic and TFE-fluorocarbon showed coil 
resistance increasing with time, although the temperature 
was maintained at about 200 C. It was considered that this 
was due to oxidation of copper, since resistance change 
did not occur under similar conditions with coils made of 
silver-plated copper covered with TFE-fluorocarbon; the 
space factor with the latter construction is not satisfac- 
tory. Extensive tests have been conducted with silicone- 
covered and treated wires, but coils wound with these 
wires exhibited shrinkage on the coil forms and bobbins, 
creating strains sufficient to cause open circuits (Figs. 
1A and 1B). In the same figure, coil C, using the same 
gage wire but insulated with TFE-fluorocarbon, was satis- 
factory except that it had only 3000 turns as compared 
with the 5000 turns of coils A and B. Coil D of Fig. 1 was 
produced by the application of an epoxy resin to the coil 
which was found satisfactory for a continuous rating 
of 180 C. 

Another possibility is the use of a coated wire which, 
on treatment after winding, becomes a solid mass so that 
the coil is self supporting (Fig. 1£), and a coil form or 
bobbin is not required. Conventional winding techniques 
using coil formers can be retained, however, by the use 

of silicone-glass laminate or molded glass/mica com- 
pounds, and by using higher-temperature enamelled wire 
with interlayer insulation. Some of the materials now 
available for the latter purpose give a reasonable space 
factor and can be continuously rated for 200 C. 

With relays operating at higher temperatures it has 
been found that spring materials, which in conventional 





* Adapted from the authors’ paper published in Proceedirgs of the Internationa 
Symposium on Electronic Components held at the Royal Radar Establishment, 
Malvern, England, September 24-26, 1957. 
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Fig. 2—General-purpose relays. 


relay applications had been entirely satisfactory if they 
were carefully selected, exhibit a progressive loss of 
spring characteristics. A relay operating continously at 
200 C begins to show this effect after no more than 4% 
hours. The true nature of the phenomena involved in this 
spring deterioration is not understood; the subject is still 
being studied in cooperation with spring material 
manufacturers.” 

Magnetic iron materials used in relays have not shown 
appreciable changes over the past year. For general pur- 
pose relays good “Swedish iron” or its equivalent is still 
much used, while nickel alloys under a variety of trade 
names are used in high-speed and high-sensitivity relay 
designs. The main improvement in relay magnetic irons 
has been the availability of closer control of magnetic 
properties, resulting in greater uniformity and predicta- 
bility of relay performance. Some evidence has been 
found of change of magnetic properties with sustained 
operation at 200 C. It is not clear why this should be so 
since the Curie point is very much higher. Tests are now 


taking place to assure that materials are fully annealed 


before use, and that over the wide temperature range no 
nickel-irons are subject to mechanical stress. 

In the past, relays have been sealed either by some 
form of rubber gasket or by soldering a base carrying 


* Editor's note: Relaxation curves for a variety of spring materials at tempera 
tures up to 700 F can be found in the article, “‘High-Nickel Alloy Spring Mate 
rials," Evectrica, Manuractuninc, September 1957, p 102. 
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Details of 


rotary 


relays 





Fig. 4—Examples of rotary-action relays. 


beaded glass leads to a metal can. More recently, with 
the possibilities of higher temperature coils, thought has 
been directed in two other directions. The first possibility 
utilizes the cold-weld technique} now generally used for 
transistor manufacture, particularly now that techniques 
have been evolved for making direct copper-to-glass seals. 
On the other hand, there is the possibility of following 
electron tube techniques or sealing the relay in a glass 
envelope. 

General-Purpose Relays. In Fig. 2, relay / is a 
standard Post Office Type 3000 relay and from this have 
been developed relays B, C, D, E and F. Relays B and C 
have been available for several years under the British 


+ Editor's note: See “‘Large Scale Application of Cold Welding Process 
Evecraica, Manuvacrunine, June 1955, p 146. 
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Fig. 5—High-sensitivity relays. 
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Services Type Nos. SM5 and SM5SA. Relay D in Fig. 2 is 
a more recent development and is somewhat smaller than 
the two earlier types. Contact life is satisfactory for at 
least a million operations when loaded to 24 volts 1 amp 
in a non-inductive circuit. The relay has a maximum 
complement of eight twin-contact springs. These can be 
arranged as required, or replaced by heavy-duty contacts. 
Relay E shows the British practice of using the same 
component parts for a variety of relays. In this case 
relay D has been “twinned”—i.e., two coils, but with a 
common armature with double the springset combina- 


tions. The possibility of a minature relay with 16 springs 
compared with the Type-3000 load of 18 springs is inter- 
esting for cases where Type-3000 relays were previously 
used. Relay F is again a development from D, but in this 


Fig. 6—Details of 
high-sensitivity relay. 





Fig. 7—High-speed relays. 


case has wire contacts to provide low-capacity switching. 
Relays B, C, D, E and F of Fig. 2 can be obtained either 
unsealed, with dust cover, or sealed. 

The foregoing relays do not meet the vibration require- 
ments for many applications: in order to do so, either 
the mass would need to be reduced, or the system stif- 
fened—leading to uneconomic power consumption. De- 
sign effort was therefore concentrated on a rotary move- 
ment which would in large measure be self-balancing. 
Two such relays are G and H in Fig. 2. Before examining 
the relay as a whole, it is worthwhile to study its move- 
ment. This is shown in Fig. 3, in which diagram A shows 
the principle of the iron circuit. The return path from the 
yoke is U-shaped; the armature is a butterfly hinged on 
the yoke and turning to close the circuit at the top of the 
U. This hinge at first presented some problems. In order 
that tolerances should be as wide as possible, and at the 
same time to keep adequate flux relationship, the bearing 
surface needed to be quite long. Diagram B shows the top 
of the coil former, which is cut to form a buffer block. 
The armature, C, carries a slotted cam to operate the 
springs; this slides over the top of the slotted yoke, B, 
the center of the armature then sliding into the slot in 
the yoke. Finally, an iron screw is placed in position to 
retain the armature and complete the iron circuit. In D 
is shown the buffer and spring moving blocks in position. 

Relays on this principle are shown in Fig. 4. Relay A 
has a normal complement of four transfers, but heavy- 
duty contact arrangements are possible. These relays are 
normally sealed and the overall size of the can and base 
is 1 in. diam and 24, in. high. The. operate power for 
a full complement of springs is approximately 400 milli- 
volts and the operate time is 15 millisec. This relay with- 
stands up to 70 g and a vibration frequency up to 150 
cps. It was found, however, not to be as successful with 
the higher frequencies and certain pulse circuits under 
bump test, so that work has been undertaken to increase 
the resonance of the springset. Relay B in Fig. 4 is now 
undergoing tests with some success. It requires more 
power to operate than A. These relays are known as the 
Services Type 2. 

A further development is to increase the size: this is 
shown in C. The relay is 11% in. diam by 24g in. high. 
The operate power is 185 milliwatts and the operate time 
30 millisec. It is interesting to note that the additional size 
has permitted a much more efficient relay from the power 
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Fig. 8—Polarized relays. 

standpoint than Type 2. These relays all give a million 
operations minimum when loaded with 1 amp, 50 volts 
in a non-inductive circuit and can operate between —40 
and -++-100 C. 

High-Sensitivity Relays. There is a constant require- 
ment for high-sensitivity relays and this is particularly 
accentuated with transistor development. In Fig. 5 are 
shown four such high-sensitivity relays. Shown at A 
is the American-made Sigma relay, which operates on 
about 5 milliwatts of power. Relay D is a smaller and 
direct replacement of the American A. It is a single- 
contact relay, balanced, operates on less than 5 milliwatts. 
and is a development of the relay B. It also has advan- 
tages in that it can be designed to have higher flashover 
voltages than are usual in this type of relay. Relay B in 
Fig. 5 is the Service Type 1A. The mechanism is shown 
more clearly in Fig. 6. The return iron circuit from the 
yoke is broken near one end and on this are mounted the 
armature and springset. The armature moves to close the 
gap and, through a lever system, operates the contact. 
The armature and springset are very carefully balanced. 
This relay operates on less than 10 milliwatts of power 
and gives satisfactory operation up to 20 g in any direc- 


Fig. 9—Details of the Ericsson polarized relay. 





tion. A development of this relay is shown at C in Fig. 5. 
which again is the equivalent of two relays of type A 
with a common iron circuit. Relay C operates on 10 milli- 
watts. All these relays are sealed. 

High-Speed Relays. For many years the Services 
have used the SM8, which is a version of the well-known 
Siemens high-speed relay. More recently two new glass- 
sealed relays have become available. These are shown in 
Fig. 7: A is the SM8 relay. The MGL relay is shown at 
C and without its glass envelope at B. This relay is inter- 
esting in its operation, The armature operates across the 
top of the relay and is held in position by a circular 
spring rather in the manner of a bell push. The spring 
can be short and stiff and the armature rests on the iron 
circuit at its heel and is relatively light. The operate time 
of this relay is of the order of 4 millisec at 300 milli- 
watts with a contact gap of 4 mils. For long life the con- 
tacts are rated at 1 amp, 28 volts d-c. Tests indicate that 
this relay is directly comparable in timing with the SM8& 
relay. In order to produce a still faster and at the same 
time smaller relay, relay D in Fig. 5 has been redesigned 
with about half the size of coil: it is shown at D and E 


_ 


in Fig. 7. This small relay is known as the MGS. Its 
operate time has been improved by about 25 per cent: 


its length is approximately 34 in. 

Polarized Relays. There have been several designs 
of polarized relays and in Fig. 8 are shown four types 
currently available—A is the Siemens Halske; B and D 
are Ericsson types; C is the smallest Carpenter (TMC). 
It is surprising that polarized relay design in the U.S. 
is a neglected art—-too frequently the springset is used as 
the magnetic return path. The Siemens Halske design. 
however, is now being manufactured there. 

The Siemens and the Carpenter relays operate on much 
the same principle and these have been well described in 
the literature. In the Ericsson relay, two permanent mag- 
nets are linked together at the base to form a N and S 
pole linking the twin armature. The armature consists of 
two strips of nickel-iron alloy held apart by a spacer. 


Fig. 10—Subminiature relays. 
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The yoke is U-shaped so that the pole piece end of each 
limb fits between each end of the twin armature pieces. 
If the armature is now suitably hinged, it will operate in 
a manner similar to that of a moving iron galvanometer. 
polarized by induction. 

An exploded view of the armature and contact strip is 
shown at C in Fig. 9. The armature and contact holder 
are fastened together and fixed to a torsional suspension. 
The contact holder is made of specially-formed ceramic 
to which are fastened four spring leads. The ceramic is 
shaped so as to promote non-linear compliance and spring 
float.- These together ease contact-gaging problems and 
minimize bounce. Returning now to B in Fig. 8, the 
assembly can be seen, together with the contact adjusting 
screws. It is claimed that these relays have several advan- 
tages; they provide, for example, two transfers and in 
addition are remarkably stable. Furthermore, a change in 
relative magnet intensities due to deterioration or gap 
changes can affect only sensitivity and will not affect sym- 
metry of adjustment. In addition, the iron circuit is 
“closed” and for this reason the relay is not affected by 
external fields; the armature is mass balanced and so is 
not so susceptible to shock and vibration. All these relays 
in Fig. 8 are comparable in sensitivity and contact bounce. 

The polarized relays are finding useful application as 
choppers up to 450 cps, types with two transfer contacts 
being especially useful for this application. 

Subminiature Relays. Many attempts are being 
made both in America and in England to produce sub- 
miniature relays. Unfortunately, the applications usually 
require a considerable degree of robustness for Service 
qualification, and this excludes many designs that have 
been offered. In Britain two relays are available which 
will meet Service requirements. These are shown in Fig. 
10. Shown at A and B are the sealed and open E.M.I. 
Type 1B, while C is the body of the Ericsson-type MGS. 
The E.M.I. relay operates very simply. The iron circuit 
is closed by a butterfly armature suspended on a centet 

(Continued on page 208) 


ELECTRICAL MANUFACTURING 





Transistors Demonstrate Reliability 
in Critical Nuclear Instrumentation 


Applications of transistor d-c amplifiers 
in nuclear reactor instrumentation and 
control where reliability is paramount 
from a safety point of view. Included in 
this discussion are differential amplifiers, 
chopper-modulated amplifiers, diode-ring 
modulators, and conventional direct-cou- 


pled amplifiers. 


RICHARD F. SHEA 

Knolls Atomic Power Laboratory 
GENERAL ELectric COMPANY 
Schenectady, N. Y. 


WHILE TRANSISTORS ARE NOW more than ten years old, 
their application in the field of reactor instrumentation 
is only beginning as this is written. Mainly this has 
been true because of the great importance of reliability 
in this field; consequently, any new device is required 
to prove itself before it will be adopted. With the pas- 
sage of these years, however, the transistor has demon- 
strated its potential reliability, and present indication is 
that it will shortly take over most of those applications 
currently using electron tubes, as well as many of those 
where magnetic amplifiers have been well established. 
\ brief survey of the relative advantages and disad- 
vantages of these three devices will provide some indi- 
cation of their relative merits. 

While the magnetic amplifier has a reputation for 
proven reliability, the transistor should be comparable, 
as both use solid-state materials and there are no de- 
teriorating components. One major advantage transistors 
have is their response time. Where considerable effort 
is required to obtain response time in milliseconds with 


magnetic amplifiers, response times in microseconds are 


relatively easy to obtain with transistor circuits. Tran- 


sistor circuits can be designed for sensitivity 
than magnetic 


either d-c or a-c amplification. 


greater 
amplifiers, and can be used easily for 
Transistor circuits may be 


built much more compactly than magnetic amplifier 
circuits, and their use can result in a weight reduction 
of about an order of magnitude in some equipment. 
Problems created by magnetic amplifiers with respect 
to either input or output waveforms do not exist with 
transistors. 

There are also some disadvantages. Transistors are 
radiation-sensitive. Fast neutrons create lattice defects 
in the basic material, thermal neutrons transmute it 
from one type of conductivity to the other. Gamma ir- 
radiation creates electron-hole pairs, thus raising the 
zero-signal level. The first two effects are permanent. 
the latter transient. Luckily, however, the level at which 
these effects becomes apparent is quite high.* There 
have been many measurements made on irradiation ef- 
fects on semiconductors and the evidence is that these 
effects do not become evident until there has been an 
accumulated dosage of at least 10" nvt. (J, 2, 3)7 
At the levels usually encountered where electronic 
equipment is employed this could require twenty-five 
years or longer. However, this effect does preclude cer- 
tain usages; for example, it would not be possible to 


*See “Radiation Effects Data Sheets on Tubes, Resistors, Capacitors, Semi 
conductors,”’ Ergeraica Manuractruninc, February 1959, p 112. 
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employ transistors as pre-amplifiers closely associated 
with a counter in an instrument tube. 

Transistors are also temperature-sensitive; however, 
these effects are consistent and well recognized today, 
and transistor circuits can be designed for adequate 
temperature stability over very wide ranges, The grow- 
ing number of silicon transistors is also extending the 
upper temperature limit to 150 C or higher. 

Due to the rapid progress in this art, obsolescence is 
a problem, and the designer must build his equipment 
to accept as many types as possible. Where manufac- 
turers replace existing types, however, the replacements 
are usually improvements and readily adaptable. 

While transistors cannot handle the extremes of 
power capable with either tubes or magnetic amplifiers, 
current types have dissipation capabilities in the tens of 
vatts. This is adequate for the great majority of ap- 
lications, and where greater power-handling ability is 
required, combinations of transistors and saturated 
cores are available which can handle kilowatts. Al- 
though electron tubes can handle more minute input 
signals, transistors are usable down to less than 10°°° 
amp d-c, and considerably lower with a-c signals. This 
is adequate for most of the requirements in this field. 

Transistor circuits frequently impose a requirement 
for common input and output connection at the low 
termination. This can preclude input-output isolation. 
and must be considered in the design of associated pro- 
tective equipment. 


Transistor D-C Amplifiers 


Transistor d-c amplifiers are of interest in several 
nuclear instrumentation circuits: e.g., as period ampli- 
fiers following a differentiating network; as logarithmic 
amplifiers to monitor the reactor power in the inter- 
mediate range; as linear amplifiers to monitor full- 
power neutron flux. In addition there are other non- 
nuclear forms of instrumentation; e.g., to amplify the 
output from thermocouples. 

The types of d-c amplifiers used in these applications 
include differential amplifiers, chopper-modulated am- 
plifiers (using solid state choppers), diode-ring modu- 
lators, and conventional direct-coupled amplifiers. These 
will be described in some detail. 


Diode-Ring Modulator D-C Amplifier 


The diode-ring modulator (4) shown in Fig. 1 is 
essentially a bridge with an excitation signal applied to 
two conjugate arms and the output connected to the 
other two. If the bridge is perfectly balanced, none of 
the excitation signal will appear across the output termi- 
nals as long as there is no d-c signal applied. The ap- 
plication of a d-c signal produces an unbalance of the 
bridge and a signal at the frequency of the excitation 
supply appears across the output. The amplitude of this 
a-c signal is directly proportional to the d-c input sig- 
nal, and after amplification and rectification, a d-c out- 
put may be obtained which is an amplified replica of 
the input. 

Figure l(a) shows the basic form of diode-ring 
modulator. As shown, this modulator will be adequate 
for measurement of signals down to about 10-° amp. 
For measurement of smaller input signals, it is neces- 
sary to balance the bridge more perfectly, both for the 
shunt capacitances of the diodes and associated wiring 
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Fig. 2--Tuned (5 ke) audio amplifier. 


and for the diode resistances. The modification of Fig. 
l(b) follows, where the necessary balancing features 
have been added. Further, to minimize the noise addi- 
tion of the associated transistor amplifier, it is desirable 
to incorporate the first stage of amplification within the 
same housing as the modulator and also to use a low- 
noise type of transistor. 

By making full use of the techniques described above. 
it is possible to obtain a usable increment of output 
over residual noise with an input signal as low as 107? 
amp at room temperature. If, however, an extended 
temperature range is required, and the necessity of 
carefully selecting and matching components is to be 
avoided, a lower limit of about 10°*° amp is imposed. 
This, however, is adequate to make this circuit satisfac- 
tory for use in the intermediate range of nuclear 
instrumentation. 

The audio amplifier used with the diode ring modu- 
lator utilizes conventional design techniques. A suitable 
audio amplifier is illustrated in Fig. 2. This amplifier 
employs four transformer-coupled stages, with the 
transformers tuned to 5000 cycles by shunt capacitors. 
The input of this amplifier is obtained from the output 
of the low-noise incorporated with the ring 
modulator. 


stage 


Transistor Choppers 

In electron-tube amplifiers, mechanical choppers or 
vibrating-reed capacitors are used quite extensively to 
modulate a d-c current and make it suitable for subse- 


mn) 


Modulated 
Output 


Excitation 


ao AE 


oO 


3—Transistorized chopper. 


ELECTRICAL MANUFACTURING 








— +35 volts 


22k 820 


2N 
2niis 18 


© On@ 





3k 


Fig. 4—Differential amplifier. 


quent a-c amplification. Transistors can be used as chop- 
pers in place of these electromechanical devices, al- 
though not to quite as low levels. Further, their best 
use is in conjunction with low-impedance sources: e.g.. 
thermocouples and When used in this 
manner, however, they are able to measure input cur- 
rents down to about 10-° amp. 

Bright and Kruper (5, 6, 7) have analyzed the switch- 
ing transistor application in considerable detail. A sim- 
ple transistor switch is illustrated in Fig. 3. Two tran- 
sistors are employed, and are alternately switched “on” 
and “off” by means of the square wave signal applied 
between base and collector. When transistor 7] is “on,” 
transistor 72 is “off,” and vice-versa. A transistor being 
“on” is essentially equivalent to its being a short cir- 
cuit (although a more accurate description is a very 
low voltage source), whereas the “off” condition corre- 
sponds to an open circuit (more exactly, a very low 
current source). Thus, when one transistor opens the 
conm&ction between input and output, the other shorts 
out the output, and vice-versa. By this means the d-c 
signal is commutated and appears as a modulated a-c 
signal ‘in the output circuit while, at the same time, the 
amount of chopper signal at the output is held to a 
reasonable level. 


thermopiles. 


For more complete balance of the 
excitation signal, arrangements employing four tran- 
sistors are described in the referenced articles by Kruper 
and Bright. 


Differential Amplifiers 


As in the case of electron tube amplifiers, transistors 
may be connected in a differential arrangement to mini- 
mize drift, with the input signal connected to one of 
the two inputs and a feedback signal frequently con- 
nected to the other input (8, 9). Figure 4 illustrates such 
an arrangement. The first two transistors are connected 
in one differential pair, feeding a second similar pair. 
The input is applied to one of the first pair, a feedback 
signal to the other. A common output is taken from the 
collector of one of the second pair and is applied to a 
two-stage common-collector amplifier. The latter has a 
small amount of load in the collector circuit to provide 
feedback. This amplifier is very satisfactory for input 
currents on the order of a microampere, and provides 
a low-impedance output suitable for indicating meters, 
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or for application to a differentiating network. If such 
a differential amplifier is to be used over a wide tem- 
perature range at lower input currents than indicated 
above, it will usually be necessary to choose the two 
input transistors for balanced drift and amplification. 


Direct-Coupled Amplifiers 


For the measurement of input currents ranging from 
about 0.01 up to several milliamperes, direct-coupled 
transistor amplifier stages may be used without the 
added complication of balancing (10). The common- 
collector configuration has considerable utility in this 
application, since it offers high input impedance and 
low output impedance. Figure 5 shows a relatively sim- 
ple two-stage cascaded common-collector amplifier cap- 
able of amplifying signals of the above order of magni- 
tude, and of supplying an output current of 20-50 milk- 
amp into a load of 500-1000 ohms. 


Logarithmic Amplifiers 


The same general techniques used for electron-tube 
circuits to obtain logarithmic relationships may be used 
with transistors, although there are usually added com- 
plications involved due to the basic differences in their 
characteristics. For example, the same technique of util- 
izing a nonlinear feedback path around a d-c amplifier 
may be used with transistors; however, it becomes more 
involved if the d-c amplifier contains such elements as 
ring modulators and narrow-band a-c amplifiers. 


Logarithmic Attenuator Networks 

A logarithmic characteristic may be obtained by 
means of a succession of biased diodes (11), as illus- 
trated in Fig. 6. In this circuit each diode is normally 
biased in the reverse direction and consequently pre- 
sents a very high resistance. At the lowest extreme of 
input current, therefore, essentially all the input current 
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is passed along to the output circuit. At a certain input 
level the first diode will begin to conduct, and at suc- 
ceedingly higher levels each following diode will con- 
duct. This will insert an increasing number of leakage 
paths in parallel with the output as the input level 
increases. If the biases and series resistors are chosen 
properly, this attenuator will produce an acceptable 
straight-line approximation to a logarithmic response 
over about six decades. In order to extend this loga- 
rithmic characteristic as low as 10° amp, it is neces- 
sary to use very large resistors isolating the attenuator 
from its associated network: thus, the resistor connect- 
ing it to the following stage may have to be on the 
order of 10° to 10° ohms. This imposes severe restric- 
tions on leakage, and usually requires that these ele- 
ments be incorporated in a hermetically sealed con- 
tainer. Another disadvantage of this circuit is its very 
high input resistance. This, in conjunction with the 
cable capacitance, may result in an input time constant 
of several seconds, which in turn will seriously reduce 
the ability of the equipment to respond to rapidly 
changing input signals. 


Logarithmic Diodes 


\ semiconductor diode has a relationship between 
current and voltage given approximately by the equa 
tion: 


/ 1. (ee! 1) 


where 7, is the saturation current, g is the electron 
charge, k is Boltzmann’s constant and 7’ is the absolute 
(12) This equation indicates that such a 
diode will have a reasonably logarithmic characteristic 
over quite a range, beginning at that level where the 
lirst term in the parentheses greatly exceeds unity, and 
ending where the ohmic drop in the diode makes the 
above approximation unsuitable. A number of diodes 
can be connected in series to increase the available 
voltage and also average out individual variations. When 
diodes are used in this manner their incremental resist 
ance can become very high at low currents, even when 
used in the forward direction, and it may be necessary 
to employ amplification around the diodes in a manne 
similar to that employed for electron tubes, to reduce 
the input time constant. Such an arrangement is de 
scribed below. 


lemperature, 


It is also possible to employ a thermionic diode. 
utilizing the retarded field principle with an electro- 
meter tube to obtain the necessary high loading resist- 
ance. This arrangement, however, introduces a degree 
of compromise with the advantages to be gained from 
all-transistor operation. 


Logarithmic D-C Amplifiers 


As indicated above, a logarithmic d-c amplifier can 
be obtained by using a d-c amplifier and using nonlinear 
feedback; e.g., in the form of semiconductor diodes. 
Such a d-c amplifier can be constructed using the build- 
ing blocks already described—Fig. 7 shows such an 
amplifier in elementary form. It consists of a diode- 
ring modulator, such as shown in Fig. 1; a preamplifier. 
as shown in Fig. 1(b); an a-c narrow-band amplifier. 
as shown in Fig. 2; a ring demodulator, which is basi- 
cally the same circuit as Fig. | except that the excitation 


and output from the a-c amplifier are applied to the 
conjugate arms of the bridge and a d-c output is ob- 
tained from the d-c terminals; and, finally, a nonlinear 
feedback consisting, for example, of four or more diodes 
such as the type HD 6764 connected in series. There 
are a number of non-obvious problems associated with 
this circuit: if it is to be used for very small currents 
(on the order of 10° amp or lower) the bandwidth 
must be fairly narrow and this imposes severe restric- 
tions on oscillator stability and on amplifier phase sta- 
bility; selection of the log diodes may be required: 
and encasing all temperature-sensitive elements in a 
controlled-temperature chamber may be necessary. De- 
spite these difficulties, however, this circuit offers defi- 
nite possibilities for measurement of extremely small 
d-c currents and conversion to a logarithmic output. If 
linear amplification is desired rather than logarithmic, 
the feedback network should be linear. Such an ampli- 
fier can be used, for example, for period* indication 
following a differentiating network. 


Intermediate-Range Instrumentation 


The intermediate-range instrumentation for a reactor 
can be synthesized from the above building blocks. The 
input portion offers considerable challenge because of 
the very small value of signal current at the low end 
of the range. Using available compensated ion chambers, 
this may be on the order of 10°°° amp. As previously 
described. this may best be accomplished by means of 
the diode-ring modulator, which converts the d-c sig- 
nal to a-c for subsequent amplification by conventional 
a-c techniques. The problem is complicated by the usual 
necessity for compressing many decades of range in one 
meter indication, necessitating logarithmic presentation. 
This may be done by using a logarithmic input circuit 
(such as the log attenuator of Fig. 6) or by using non- 
linear feedback around the complete amplifier. The 
latter technique is usually to be preferred as it reduces 
the input impedance by the amount of overall amplifica- 
tion, resulting in a low input time constant. 

Another compromise alternative is to use a thermionic 
diode and electrometer tube for the input circuitry, to 
be followed by transistor circuitry. This raises the input 
level to the transistor amplifier by at least two orders 
of magnitude, considerably easing the design problem. 

In an all-transistor system developed for intermediate- 
range instrumentation, the input d-c signal from the ion 
chamber is supplied to a diode-ring modulator, care- 
fully balanced for maximum frequency. The output is 
amplified by a four-stage amplifier and applied to a 


* Reactor period; Time required for the neutron flux to change by a factor of e, 
18 (approx) 
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Regulated 35-volt power supply D-C amplifier 
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Fig. 8 Power range d-c amplifier. 


phase-sensitive demodulator. The output of the demodu 
lator is fed back to the diode-ring modulator through 
a string of diodes, thus producing the logarithmic char- 
acteristic. The output of the demodulator is used to 
indicate reactor level locally and remotely, and is also 


differentiated to obtain a period signal. This signal is 
amplified by a chain similar to that employed in the 
previous portion of the equipment, except that linear 
feedback is employed. The resultant period signal is 
indicated locally and remotely. The period output is 
next applied to a bistable trip circuit which will change 
from the “safe” condition to “unsafe” if the period be- 
comes too short for a stipulated length of time, restor- 
ing itself to the “safe” condition when the period has 
become sufficiently long again. Integration must also be 
included in this circuit so that it will not trip on short 
transients, thus producing unnecessary false scrams o1 
control-rod drivedowns. 

The period trip circuit feeds a magnetic-amplifier sig 
nal winding, and therefore may see an input impedance 
which is not only reactive. but which may be nonlinear 
and which may contain a source of input noise due to 
coupling between the signal and gate windings. This 
must be considered in designing the transistor trip cir- 
cuit, so that the input conditions do not seriously affect 
the trip conditions. This may involve the inclusion of 
filter and rectifier networks between the transistor and 
magnetic-amplifier circuits. 

Test circuits are also included. These consist of d-c 
currents to simulate input signals from the ion chamber 
and from the differentiating rietwork. Both “safe” and 
“unsafe” period signals are provided for adjusting the 
trip-level settings. 


Power-Range Instrumentation 


Electron tubes are not usually used for power-range 
instrumentation, magnetic amplifiers being preferred 
because of their greater reliability. Transistors compare 
favorably with magnetic amplifiers in this respect, hence 
their application here is very much in order. Further. 
the circuit problems are much less severe since the input 
signal from the ion chamber is ordinarily on the order 
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of a milliampere. As a result, a straightforward ap 
proach can be taken, involving a minimum amount o! 
complexity and minimum number of transistors. Figure 
8 shows the circuit of an amplifier capable of operating 
from an input of as little as 150 microamp at full 
rated power, and producing an output of 15 milliamp. 
Cascaded common-collector stages are utilized, the last 
stage employing medium-power transistors to supply the 
relatively high output current. A network of resistors 
is used to isolate each meter and recorder from all the 
others, so that any one coulda he either open or shorted 
without appreciable effect on any other. 

Test signals are available for checking the operation 
of the amplifier. In addition, elaborate interlocking of 
the controls is utilized to prevent the possibility of test- 
ing more than one channel at a time. This is accom- 
plished by placing control of the test in the protective 
system, whereby the appropriate switch in that system 
must be set before it is possible to test the power-range 
instrumentation. Once the test switch on this equipment! 
is set to a test position, however, it is not possible to 
authorize a test on another channel until this switch 
has been reset. 


Conclusion 

Transistors have been demonstrated to be applicable 
in many circuits employed in nuclear plant instrumenta 
tion. Many of these circuits are d-c amplifiers requiring 
great sensitivity combined with good stability. By prope: 
choice of transistor circuit these requirements can he 
met. OO 
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Printed-winding d-c motor. 


Unique Operating Characteristics 
Offered by Printed-Circuit Motor 


Effective selection and application of 
power and control motors involve famili- 
arity with motor working principles and 
fundamental construction. Equipment and 
system designers will therefore appreciate 
the far-reaching significance of this basic 
innovation in motor design that eliminates 
both rotating iron and winding insulation 
with its attendant temperature limitations, 
and provides low inertia and low time 
constant plus internal damping for servo 


applications. 
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A BASICALLY NEW D-C MOTOR design concept is combined 
with printed-circuit techniques to produce electrical ma- 
chines in which the conventional wire windings are re- 
placed by low-cost, quickly produced printed-circuit 
parts. The new motors, Fig. 1, are of an unconventional 
radial (planar) air-gap form that has many advantages. 
Among these are high torque-to-inertia ratio, negligible 
armature reaction, smooth commutation and good high- 
temperature performance. The basic design and _ tech- 
nique is suited not only to general motor service appli- 
cations but particularly to the instrument, servo and 
control fields. Printed-circuit d-c motors in fractional 
horsepower sizes have a wide field of application in 
servomechanisms, paper- and magnetic-tape transports, 
intermittent-motion devices and in _ data-processing 
equipment. 

Figure 2 vividly illustrates the basic nature of the 
motor-design innevation introduced by the use of the 
printed-circuit approach to armature construction. The 
printed-circuit armature is a flat, light disk weighing 
1Q that of the conventional unit. It contains no iron 
and is automatically produced without manual soldering 
operations. 

In addition to the inherent lower cost of the printed- 
circuit d-c motor, there are many other advantages. Mo- 
tors may be designed with mechanical time constants in 
the order of a few milliseconds, desirable for direct drive 
in servo applications. The rotating “armature” contains 
no iron so that inductance is low—usually less than 


Note: This article is based on a paper by the authors appearing in the 1959 
IRE National Convention Record. 
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1 mh. The low inductance and armature reaction, the 
large number of commutator bars and the absence 
of armature iron lead to smooth commutation and 
low armature cogging effects. Since all active “wind- 
ing’ conductors are free of insulation, higher tempera- 
ture operation is possible, in addition to which the flat 
form leads to good cooling. The basically flat shape of 
the armature also gives a flat “pancake” form to the 
overall motor, Fig. 1, which has many mechanical and 
application advantages. Wide power and performance 
range is possible; shaft output power may range from 
a few watts to several kw, and when desired the motors 
may readily be designed to have internal damping, giv- 
ing a damping torque proportional to speed. The low 
internal impedance makes the motors ideally suited for 
operation with power transistors. 

Motor Construction. The armature of a_ printed- 
circuit d-c machine presents the appearance of a thin, 
perforated disk mounted on a shaft by means of bearing 
flanges, Figs. 2 and 3. By reference to Fig. 4, it can be 
seen that the “winding” of the armature is of the “wave” 
form, through-hole plating making the necessary con- 


Fig. 1—Characteristic form of the printed-winding d-c motor 
is flat and short axially. 
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nections between the frog-leg printed copper circuit ele- 
ments on the two sides of the disk. The armature is 
mounted in a planar air-gap motor structure, as can be 
seen in Fig. 4, and also in the photo of the disassembled 
motor shown at the beginning of this article, so that 
the straight radial portions of each conductor lie within 
the field flux. The connections between conducting seg- 
ments on opposite sides of the disk are made by a new 
plated-through hole technique recently developed by 
Photocircuits Corporation. A photomicrograph of a hole 
section is shown in Fig. 5. The through connections 
are formed simultaneously with the winding and repre- 
sent a major contribution in reducing the printed wind- 
ing design to economical practice. Many types of wind- 
ings are possible to suit a wide variety of applications. 

A separate commutator structure is not necessary for 
most printed motors. Low voltage-drop silver-graphite 
brushes ride directly on the bare surfaces of the arma- 
ture conductors. There are usually 100 or more such 
conductors, so that the number of commutator segments 
is relatively large. 

Small-area temperature measurements have 
that the differential between the rotating disk and the 
pole pieces is small, in the order of 5 deg F under 
steady-state conditions. All heat radiated by the disk is 
absorbed by the motor structure and radiated by its 


shown 


exterior surfaces. 

Printed-circuit conductors generally operate at high 
current densities because of their large surface radiating 
areas, and the printed-circuit armature is no exception. 
Current densities up to 30 or 40 amp per sq mm (20 
to 25 ma per circular mil) are permissible. For inter- 
mittent service motors, the current density may be al- 
lowed to reach 100 amp per sq mm. 

Base materials for the printed windings may consist 
of glass or ceramic compositions, so that the armatures 
are highly heat resistant. Motors so constructed are 
therefore not limited to temperature-rise levels tolerated 
by conventional insulating materials. 

The magnetic circuit of the motor shown in the illus- 
trations is an &-pole structure excited by Alnico-6 perma- 
nent magnets. Six, eight or ten poles are equally feasi- 
ble; the advantages of the multi-pole field (such as 
inherent relatively low speed) may be retained in ma- 


Fig. 2—Contrast between the new printed armature and the 
conventional form. 
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back electromotive force: E = ke 


Permissible current: The same current 
density in the conductors of the two 
motors will result when I = ki, but we 
must subsequently investigate whether 
the armature of the larger motor will 
tolerate the increased dissipation. 

Assuming the current to be permissible, 


Since the speed of the two motors was 
assumed to be the same, 

torque == T = k‘t 

armature resistance: R = r/k 

ohmic losses in the armature: 


peri 
velocity, and therefore to k. This permits 
a power level == P == k‘p or k5p, de- 
pending upon the effectiveness of the 
cooling provisions. 
Armature efficiency (note that there 
are no rotating-iron losses) : 


a MM 
P+PR kp + Bir 

‘ 1 

1+ C/k 


efficiency = 


C = Pe 
P 


The armature efficiency increases with k. 
Moment of inertia: 


j= WR je 
9 


in which R is disk radius and W/g is 


me ae as 


Prd ; 


a load of specified 
characteristics is given by TIT 
T/VJ oo R/R AS; = RA/> 


From this, absolute performance of the 
motor in a given system improves with 
an increase in size. 


Electrical Characteristics 
The similitude laws and performance data 
on the selected typical motors may 
be used to construct a diagram sum- 
marizing the characteristics of these 
machines. The curves (above) are plotted 
for 6-pole or 8-pole motors and assume 
that the magnetic field intensity remains 
constant at 5000 gauss as the armature 
size is varied, and that the armature 
conductor copper thickness is made pro- 
portional to the armature diameter. The 
curves may, on this basis, be used to 
calculate all the electrical characteristics 
of a proposed design. 
The of the printed-circuit 
fixes lower limits 


PR =v? = Bitr 


a result, in order to maintain the 


Mckee diode 
As 
same current density, the power that 


mass. which are de- 
Torque-o-inertia ratio (theoretical ac- the number 
celeration) : a particular 


chines of very small size. For certain servo and instru- 
ment applications the backlash and expense of a geal 
train may be eliminated by direct 
printed-circuit metor and the load. 
Performance. In someé-control applications a viscous 
damping torque is desirable to simplify the problem of 


coupling of the 


obtaining stable operation. Damping may be easily ac- 
complished in printed-circuit machines by replacing the 
insulating core of the armature with a conductive core, 
as of aluminum. Eddy currents then will provide brak- 
ing torque proportional to speed. In one typical machine, 
for instance, the braking torque is 5 oz-in. per 100 rpm. 
The useful motor output is absorbed by the viscous damp- 
ing at about 160 rpm with no loss in available starting 
torque. 

The time required for such a damped machine to 
respond to an input signal may be extremely small if 
the proper choice of the damping factor and associated 
electrical circuit is carefully made. As described. the 
armature windings may be formed directly on an alumi- 
num core so that inductive coupling between winding 
and core is high. Under these conditions, the armature 
inductance (and therefore the electrical time constant 


Typical printed-winding armatures 
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design. This diameter limit is in the 
order of 2 in, and for this reason the 
curves are not extended below this point. 
Curve No. 1 is for ararmature current 
density that will produce a 70 C rise, 
and shows the watts of mechanical power 
developed at 3000 rpsn. Mechanical losses 
must be deducted;for this to represent 
shaft power output. The total electrical 
input power is equal to the sum of Curve 
No, | and the electrical losses which may 
be computed ar the ‘current density, 
and applies to ail disk armatures regard. 
less of the actual conductor configuration®” 
it will be neted that for a machine’ 
having a 10 in. "@iam rotor the permis- 


sible “armature produced power” at 3000 
rpm is approximately 1400 watts, or 2 
hp. The position of Curve No. 1 on the 
diagram is a function both of the tem- 
perature rise which is permissible for the 
design and of the thickness of the copper 
of the conductors, one of the parameters 
in the similitude relationships. 

Curve No. 2 shows the back emf of the 
armature at 1000 rpm as a function of 
armature diameter when the number of 
conductors is a constant, 

Curve No. 3 shows back emf under the 
same conditions as Curve No. 2, except 

t the number of armature conductors 
i’ made proportional to the armature 


Electrical characteristics of printed-wind- 
ing d-c motors. 


Curve 1 
Electromechanical induced power at 3000 
rpm (assumes approximately 70 C rise 
due to armature losses). 


Curve 2 
Constant geometry 97 segments, 194 
conductors, 


Curve 3 
Constant line pitch 27.7 segments/in. 
diam. 


Curve 4 
Constant line pitch 13.85 segments/in. 
diam, 


Curve 5 
Rotor resistance corresponding to Curve 2. 


Curve 6 
Rotor resistance corresponding to Curve 3. 


Curve 7 

Rotor resistance corresponding to Curve 4. 
Notes: 

Brush drop 1 volt. PM368 has 97 commu- 
tator segments, 194 total conductors, 8 
poles. 


diameter. Curve No. 4 represents the 
same condition as Curve No, 3, except 
that the number of conductors is halved. 
Permissible armature current is obtained 
by dividing the back emf values from 
Curves Nos. 2, 3 or 4 into the power 
from Curve No. 1. The terminal voltage 
of the machine is obtained by adding 
the brush drop and the armature IR drop 
to the back emf. 

Curve No. 5 shows the effective arma- 
ture winding resistance associated with 
Curve No. 2 as a function of armature 
diameter. Curves Nos. 6 and 7 show re- 
sistance for armatures represented by 
Curves Nos, 3 and 4, respectively. 


& 
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of the armature) is essentially zero. Since the input 
impedance of the machine is then resistive, a large 
armature current and torque may be ‘established, ef- 
fectively in phase with a step-wave voltage drive from 
a simple electrical driving system such as a power 
transistor. Solution of the equations of motion for a 
damped machine shows that the mechanical time con- 
stant is inversely proportional to the magnitude of the 
viscous damping. These two effects have been combined 
in the design of a servo motor having a stall torque 
of 60 oz-in. and a mechanical time constant of 4 millisec. 
In servo systems and tape transport applications, similar 
motors will respond to driving. frequencies as high as 
100 cps. Typical printed-circuit motor characteristics are 
shown in Fig. 6, with the effect of damping for the 
same size motor shown in Fig. 7..The performance of 
a larger motor is given in Fig. 8, with the effect of 
having a lower resistance armature f6r the latter motor 
shown in Fig. 9. Specifications for the motors having 
these performance characteristics are given in the table 
on the next page. 

Application. A principal characteristic of printed- 
circuit motors, evident from Figs. 6 and 7. is that they 


big. 4—Details of motor design using printed armature. 


Fig. 5—Magnified cross-sectig@n of platedthrough connection 


used for printed-winding armature 





8 
T f 
orque i oz 


Fig. 6—Speed-torque characteristics of a typical printed-winding 
d-c motor, PM368 in the table. 
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Fig. 7--Speed-torque characteristics of a 


(PM368A). 


damped motor 


Torque 
Fig. 8—Performance characteristics of the larger PM668 motor. 


Armature copper thickness = 0.005 in, and resistance = 0.35 
ohm. 
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are basically low-voltage, high-current devices. As such, 
they are suited for applications involving power control 
with transistors or controlled semiconductor rectifiers. 
In servo and instrument applications the use of a d-c 
power supply in conjunction with switching transistors 
usually leads to a considerable economy in energy con- 
sumption relative to the power requirements of the con- 


ventional a-c system. 

Although the operating principles of printed-circuit 
motors are generally the same as conventional machines, 
practical application many new and 
economically attractive forms of apparatus design. 
Printed-circuit machines should not generally be con- 
sidered as simple direct substitutes for conventional 
motors in any given application. It is always desirable 
to consider the whole system or equipment, of which 


their promises 


Specifications for Printed-Winding Motor With 
Performance Characteristics Shown in Figs. 6, 7, 
8 and 9 


PM368 PM368A PM668 


Number of commutator segments 97 97 
Number of brushes 4 
Armature diameter, in. S48 : 6 
Weight of armature, 0z £ , 15 
Armature WR’°, oz-in.’ is.e 
Gap flux density, gauss s S. 5,000 
Useful torque (continuous duty), oz-in. 8 81 
Permissible continuous pulse torque (10 
per cent maximum duty cycle), oz-in 40 320 
Maximum instantaneous torque, oz-in. 60 500 
Theoretical acceleration from stall, 
rad /sec’ 23,400 21,000 11,000 
T/JVJ 1180 1120 2340 
Approximate hp at 3000 rpm 1/25 tT 4 
(continuous duty) 
Maximum speed (intermittent service), 4500 3600 
rpm 
Armature resistance, ohm 
Back emf per 100 rpm, volts 
Friction torque (bearings, brushes), oz-in. 
Damping torque per 100 rpm, oz-in. 


Approximate Dimensions and Weight 


Diameter, in. 4\% 44 
Depth, excluding shaft and brush 
holders, in. 
Depth overall, in 
Shaft projection, in. 
Shaft diameter, in. 
Approximate weight, lb 


*The damping torque at the speed under consideration must be deducted 
from the useful torque 


tThe damping torque absorbs the maximum permissible power output at 


approximately 1600 rpm 


Orque, if O02 


Fig. 9—Performance characteristics of the larger motor with a 
lower resistance armature, PM668G. Armature copper thickness 
0.025 in. and resistance 0.06 ohm. 
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the motor may be only a part, in order to derive the 
greatest possible advantage from the new motor design 
and construction principle. 

In servomechanism applications, the large smooth 
torque output at low speeds of the printed-circuit motor 
and its excellent angular resolution eliminates the ne- 
cessity for interposing a gear train to smooth motor 
torque at the load. The internal damping possible in a 
printed-circuit motor produces a machine whose elec- 
trical transfer time constant is essentially zero, with 
consequent simplification of feedback-loop design. 

Amplifiers and printed-circuit 
servo motors assume forms completely different from 


power supplies for 
those of conventional a-c systems. Generally there is a 
definite reduction in total power input required for the 
system since, among other factors, the standby power 
required for a loop when not operating is small. 

In the usual case in which no gear train is required 
the total inertia of the motor will be comparable to 
that of the load and may be designed to be equal to 
that of the load for the usual application. This ideal 
situation is not generally encountered in conventional 
servo-system design in which inequalities of motor and 
load inertia often compel the introduction of a gear 
train and its attendant backlash. As a further conse- 
quence of gear-train elimination, the total equivalent 
inertia of a system is usually considerably smaller than 
that found with the conventional gear train and a-c 
motor arrangement. 

A typical application might be as follows: 


Load: a group of analog computing potentiometers 
friction torque, 100 gm-cm 
inertia, 200 gm-cm? 


maximum speed, 2 rps 


Motor: 


a typical printed-circuit d-c machine with 
internal damping 


no-load speed, 200 rpm 

inertia, 180 gm-cm? 

maximum torque, 4350 gm-cm 
theoretical acceleration, :24,000 rad/sec? 


total inertia of motor + load == 180 + 200 == 
380 gm-cm 

acceleration torque 4350 — 100 4250 
gm-cm 

acceleration of system 


Solution: 


1250 ¢/380 — 11,200 


rad/sec* 


A d-c servo loop of this type has been designed and 
operated as an analog computer element. The frequency 
response of the complete loop was approximately 100 
cps. 

In addition to its servo applications, the damped 
printed-winding motor is attractive for a wide variety of 
intermittent-motion devices such as stepping motors, 
paper-tape transports and similar applications. The in- 
corporation of damping has the effect of reducing the 
mechanical time constant in small machines to the vi- 
cinity of 4 millisec. This time constant is virtually un- 
affected by the impedance of the driving source, and it 
will bring the motor rapidly to a stop in a repeatable 
and predictable manner when the driving voltage is 
removed. At the same time, if the average shaft velocity 
is low, the amount of power dissipated in the damping 
torque is small. Low average shaft speeds and high 
load torques are frequently associated with intermittent- 
motion systems, so that the characteristics of the damped 
machine are often compatible with this service. Operat- 
ing cycles involving limited shaft motions having a total 
duration of 10 to 15 millisec are easily achieved without 
the need for clutches, brakes and similar auxiliary 
mechanical devices. This principle has been used in a 
paper tape reader which advances the tape 
step” at speeds up to 80 motions per second. 


“step-by- 
O0°o 


ELECTRICAL MANUFACTURING A CONOVER-MAST PUBLICATION 


Effective with this issue, ELECTRICAL MANUFACTURING 
will be published by Conover-Mast Publications, Inc., 
New York, through its subsidiary, C-M Technical Publi- 
cations Corporation. Conover-Mast, leading publishers of 
business publications, acquired ELectricaL MANuUFAC- 
TURING magazine by purchase from The Gage Publishing 
Company. 

Since its founding in 1928 this publication has been 
steadfastly devoted to all the problems of design engineer- 
ing in the field of electrically operated products. Reflect- 
ing field changes that have occurred during its 31-year 
existence, ELECTRICAL MANUFACTURING has experienced 
a gradual evolution. 

As engineering problems increased in complexity, edi- 
torial content of the magazine became more technical. 
Interpretation, synthesis and reporting of the field’s prac- 
‘tical technical developments have necessitated constant 
growth of the EcrectrricaL MANUFACTURING staff, both in 
number and quality of personnel. The addition of a key 


editor invariably signals a corresponding addition of 
“technicians” elsewhere in the organization. It is a dedi- 
cated staff — sensitive to the needs of ELecrricaL MAn- 
UFACTURING readers, proud when the publication is noted 
for some singular contribution to the state of the art. 

In announcing acquisition of ELectricaL MANUFAC- 
TURING, Conover-Mast emphasized that no changes were 
contemplated in policies or staff of the magazine. In join- 
ing Conover-Mast, ELecrricAL MANUFACTURING takes its 
place alongside such sister publications as Business/ 
Commercial Aviation, Construction Equipment, Conover- 


‘Mast Purchasing Directory, Mill and Factory, Purchas- 


ing, Space/Aeronautics, Volume Feeding Management. 

ELectricaL MANUFACTURING will maintain its inde- 
pendent and, we hope, helpful approach to the problems 
of design engineering. In addition, all the corollary ad- 
vantages of association with a larger publishing house 
will be utilized for improved service to the readers of 
ELECTRICAL MANUFACTURING. 





Introduction to 


Metals Fundamentals 


ALEX. E. JAVITZ 


Special Features Editor 


METALS ENTER INTIMATELY into the design and 
development of practically all types and varieties 
of equipments and structures. If a materials system 
can be described as “the common denominator 
of all product design,” then surely metals (in the 
design sense) can in turn be described as the 
common denominator of all such systems. In no 
time of history has the impact of metals on science 
and engineering been as significant as it is today. 

To properly understand and apply contemporary 
developments in metal technology and techniques, 
the design engineer is faced by a need for a personal 
professional development. He needs to know the 
principles of both the fundamental and applied 
sciences of metallurgy. Armed with this knowledge 
he is able to predict the ultimate behavior and 
reaction of metals under diverse environmental 


conditions. He will be able to interpret the elements 
of chemical composition, crystal structure, effects 
of heat treatment, inherent physical and electrical 
properties, and other factors in terms of the end 
product he is designing. 

The simple and relatively unsophisticated ap- 
proach to the selection and use of metals (and 
other materials) has been left far behind by the 
dynamics of contemporary design needs and tech- 
niques. Perhaps a knowledge of fundamental prin- 
ciples was always desirable, but today it is a 
necessity not to be compromised. The crystal struc- 
ture of a metal should be as familiar to the engi- 
neer as its conductivity. A phase diagram should 
be as meaningful as a stress curve. The translation 
of such fundamental characteristics into useful de- 
sign parameters should be a common working tool. 

In the article “A Key to Metals in Design Engi- 
neering,” beginning on the page opposite, the thesis 
stated in this introduction is developed in detail. 
The authors, Prof. Sidney H. Avner and Associate 
Editor Harold E. Barkan, have provided the design 
engineer with a workable exposition of the funda- 
mental principles of metallurgy as related both to 
discrete classes of metals and their alloys and to 
the application of metals as functional parts of 
operating equipments and systems. The information 
gained from this article, moreover, makes it pos- 
sible for the engineer to properly read, interpret 
and realistically apply the available literature deal- 
ing with research and development in many new 
materials still not fully explored for design use. 

The design engineer’s need for knowledge of the 
fundamental principles of materials is of course not 
limited to metals. In a previous article (“A Mo- 
lecular Key to Dielectric Properties,” July 1958) 
the fundamentals of physical chemistry as applied to 
dielectrics were reviewed. Future articles will cover 
other phases of this overall subject. both in metals 
and nonmetals. 

cz * co 

Prof. Avner is a member of the executive committee 
in the New York Section of the American Society for 
Metals. He is a consulting metallurgist to industry. 
His professional degrees include Bachelor’s and 
Master’s in Mechanical Engineering. He is a licensed 
Professional Engineer in the State of New York. 

Associate Editor Harold Barkan came to ELEc- 
rRICAL MANUFACTURING from the materials laboratory 
of the W. L. Maxson Corporation, where he was a 
chemical and metallurgical engimeer. He has a B.S. 
in Chemical Engineering and ?s.a member of the 
American Society for Metals. 
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BASIC 


SCIENCE & ENGINEERING 


KEY TO METALS 
IN DESIGN ENGINEERING 


-- an interpretation of basic characteristics and behavior 


@ Fundamental structures 
@ Nature and specifications of metals 
@ Physical and mechanical properties 


@ Environmental effects 


Iron and steel 


Aluminum and aluminum alloys 
Copper alloys 

Precious and rare metals 
Nickel alloys 


Magnesium and magnesium alloys 


SIDNEY H. AVNER, Associate Professor, Metallurgy 


New York City ComMuNITY COLLEGE 
Brooklyn, New York 


and 


HAROLD E. BARKAN, Associate Editor 


A WORKING KNOWLEDGE Of the fundamental laws gov- 
erning changes in basic properties is essential to 
selection and specification of the best materials in their 
most usable conditions for a particular application. Physi- 


cal metallurgy is concerned with the properties of metals 
and alloys as affected by three variables: chemical compo- 
sition, mechanical working and thermal treatment (see 
Fig. 1). 


(Copyright 1959 by C-M Technical Publications Corporation) 
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Fig. 3—Space lattice illustrating lattice parameters. 


Table I—Atomic Diameter of the Elements in the 
First and Second Groups 


Element Atomic number Atomic diam, A 
Lithium 3 04 
Sodium 11 3.78 
Potassium 19 618 
Rubidium 37 87 


Caesium 55 5.24 


Beryllium 4 224 
Magnesium 12 3.190 
Calcium 3.932 
Strontium 38 296 
Barium 343 
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Crystal Structure of Metals 


A metal may be defined as a chemical element having 
certain characteristic properties such as high electrical and 
thermal conductivity, metallic luster, the ability to be 
plastically deformed, and a definite crystalline ar- 
rangement in the solid state. The temperature coefficient of 
electrical resistance is probably the special property which 
may best define the metallic state, since metals are sharply 
characterized by an electrical resistance which increases 
with increasing temperature. 

When atoms of a metal approach each other, there are 
two forces which affect the internal energy of the atoms: 
a repulsive force when the outer electron shells overlap, 
and an attractive force which tends to bring them closer 
together. The first force tends to raise the internal energy 
and the second force tends to lower it. At some distance 
these two forces will just balance each other and the in- 
ternal energy will be a minimum, corresponding to an 
equilibrium condition (Fig. 2). The equilibrium distance, 
r,, is different for each element and is determined by 
measuring the distance of closest approach of atoms in the 
solid state. If the atoms are visualized as spheres just 
touching at equilibrium, then this distance may be con- 
sidered as the atomic diameter. The atomic diameter var- 
ies periodically with increasing atomic weight in each 
group, Table I, and decreases with increasing valence 
within each period. (See Table II). 

Since atoms tend to assume relatively fixed positions, 
this gives rise to the formation of crystals in the solid 
state; a crystal being a regular geometric arrangement of 
atoms. The atoms oscillate about fixed locations and are 
in dynamic equilibrium rather than being statically fixed. 

The three-dimensional network of imaginary lines con- 
necting the atoms is called the space lattice, while the 
smallest unit having the full symmetry of the crystal is 
called the unit cell. The specific unit cell for each metal 
is defined by its parameters, Fig. 3, which are: the edges of 
the unit cell a, b, c, and the angles a (between b and c). 
8 (between a and c) and y (between a and b). The seven 
crystal systems are listed in Table III. 

Most of the important metals crystallize in either the 
cubic or hexagonal system. Only three types of space 
lattices are commonly encountered: the face-centered 
cubic, the body-centered cubic, and the close-packed 
hexagonal. These diagrams, illustrated in Fig. 4, are useful 
for the determination of crystal planes and symmetry 
elements. However, they may be misleading, since they 
convey the impression that there is a great deal of space 
between atoms. A better representation is one showing the 
atoms as close-packed spheres building up the crystal 
structure. In the face-centered cubic structure, Fig. 4b, if 
the atom marked “D” is removed, it is possible to look 


Table Il—Atomic Diameter of the Elements in the 
A-Group of the Fourth Period 


Element Valence Atomic diam, A 
Potassium | .618 
Calcium 3.932 
Scandium 7 3.24 
Titanium 89 
Vanadium : 627 


Chromium variable 498 
Manganese variable 587 
Iron variable 481 
Cobalt | variable 506 
Nickel variable 491 
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lig. 4—The three common space-lattice structures. 
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Fig. 6—Determination of Miller indices. 


directly at the plane ABC and the packing of atoms 
would be as shown in Fig. 5. 

An infinite number of planes may be taken through the 
crystal structure, but most are only geometrical construc- 
tions and have no practical importance. The important 
planes (Fig. 5) in the crystal structure are the ones of 
densest atomic population. These densely populated planes 


Table Ill—Crystal Systems Defined 


Triclinic 


Three unequal axes, no two of which are per- 
pendicular (a*b#c, a#¥SBx#y#+90 deg) 


Monoclinic 


| Three unequal axes, one of which is perpendicu- 

lar to the other two (a#bxc, a=y =90 deg #8 
Orthorhombic Three unequal axes, all perpendicular (axb#c, 
a=, y =90 deg) 


Rhombohedral | Three equal axes, not at right angles (a =b=c, 
(trigonal) | a=8=7 #90 deg) 


Three equal coplanar axes at 120 deg and a 
| fourth unequal axis perpendicular to their plane 
(a; =ae =a; #c or a=bx¥c, a=8=90 deg, ¥ 

120 deg) 


Hexagonal 


Tetragonal Three perpendicular axes, only two equal (a 


b#c, a=B=y=90 deg) 


Cubic Three equal axes, mutually perpendicular (a 


b= c,a=B=y¥ 90 deg) 


have the strongest forces between atoms and are those of 
large interplanar distance. Therefore there is a minimum 
restraining force between these planes. 

The relation of a set of planes to the axes of the unit 
cell are designated by Miller indices. One corner of the 
unit cell is assumed to be the origin of the space co- 
ordinates and any set of planes is identified by the re- 
ciprocals of its intersections with these coordinates. The 
unit of the coordinates is the lattice parameter of the 
crystal. If a plane is parallel to an axis, it intersects it at 
infinity. 

In Fig. 6, the cross-hatched plane intersects the X 
axis at 1 unit from the origin, the Y axis at 1 unit and 
the Z axis at 2. By taking reciprocals of these intercepts, 
the illustrated plane has Miller indices of (112). All 
parallel planes have the same indices. If a plane cuts any 
axis (for example, the Y axis) the index will be negative 
and is indicated by placing a minus sign above the index 
(hkl). Parentheses around Miller indices signify a specific 
plane or set of parallel planes. Curled brackets signify a 
family of planes of the same “form” (which are equivalent 
in the crystal)—such as the cube faces of a cubic crystal: 


} 100 (100) -+- (010) -- (001) -+- (100) -+- (010) 


t- (O01). 

Reciprocals are not used to determine the indices of 
a direction. In order to arrive at a point in a given direc- 
tion, if starting at the origin, it is necessary to move a 
distance u times the unit distance a along the X axis, v 
times the unit distance ) along the Y axis, and w times the 
unit distance c along the Z axis. If u, v, and w are the 
smallest integers to accomplish the desired motion, they 
are the indices of the direction and are enclosed in square 
brackets [uvw]. A group of similar directions are enclosed 
in carets <uvw In a cubic crystal, a given direction is 
perpendicular to the plane with the same indices. 


Alloy Structures 


Alloys may be classified according to structure. Com- 
plete alloy systems may be classified according to type of 
equilibrium diagram. 

Alloys may be homogeneous or built up of several 
phases; a phase being any homogeneous, physically distinct 
portion of an alloy or group of substances in equilibrium 
with cach other, For a pure element, the term “phase” is 
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synonymous with state (gas, liquid, solid). If the element 
is polymorphic when it undergoes a change in crystal 
structure, it is said to undergo a “phase” change. When 
an alloy solidifies, the result may be one of three possible 
phases: pure metal, solid solution, intermediate alloy phase, 
or it may be a mixture of any combination of the above 
three. 
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Solid Solution 


A solid solution is a solution in the solid state, and 
consists of two kinds of atoms combined in one type of 
space lattice. There are two types of solid solutions: 


A substitutional solid solution is one in which the atoms 
of the solute substitute for atoms of the solvent in the 
lattice structure of the solvent. For example, copper 
atoms may substitute for nickel atoms without losing the 
face-centered cubic structure of nickel, and nickel atoms 
may substitute for copper atoms in the face-centered cubic 
structure of copper. All alloys in the copper-nickel system 
consist of a face-centered cubic lattice with copper and 
nickel atoms distributed at random on the lattice points. 
This system is said to consist of a continuous series of 
solid solutions. 

Several factors controi the ranges of solid solubility in 
alloys: 

1. Crystal Structure Factor. Complete solid solubility of 
two elements in all proportions is never attained unless the 
elements have the same type of lattice structure. 

2. Relative Size Factor. When atomic radii differ less 
than about 15 per cent, the size factor is favorable for 
solid solution formation: If the size factor is greater than 
IS per cent, solid solution formation is very limited ind 
tends to be less than | per cent. Complete solid solubility 
is attained only if the metals have the same type of lattice 
structure and a size factor usually less than 8 per cent. 
For example, silver and gold are completely soluble in 
each other, both are face-centered cubic, and the atoms 
differ in size by only 0.2 per cnt. 

3. Relative Valency Effect. A metal of lower valence 
tends to dissolve more of a metal of higher valence than 
vice versa. The crystal structure seems to be more sensitive 
to a decrease in the number of valence electrons per atom 
than an increase. Copper dissolves about 14 atomic per 
cent of higher valence silicon, but silicon dissolves only 0.2 
atomic per cent of copper. 

4. Chemical Affinity Effect. The greater the chemical 
affinity of two metals, the more restricted is their solid 
solubility and the greater is the tendency to form inter- 
mediate alloy phases. 


Interstitial solid solutions are formed when atoms of 
small atomic radii fit into the spaces of the lattice structure 
of the solvent. Since the spaces in the lattice are of re- 
stricted size, only elements with atomic radii less than one 
Angstrom are likely to form interstitial solid solutions. 
These are hydrogen (0.46), boron (0.97), carbon (0.77), 
nitrogen (0.71) and oxygen (0.60). The lattice structure 
always shows an expansion when this type of solution is 
formed. The best known solution of this type is the 
interstitial solution of carbon in iron. 

In general, a solid solution is harder and stronger than 
any of the constituent metals involved. The electrical re- 
sistivity is always increased by the formation of a solid 
solution. (See Table IV.) 

In the formation of a substitutional solid solution, the 
solute atoms do not usually occupy any specific position 
but are distributed at random in the lattice structure; how- 
ever, some alloys, if cooled slowly, undergo a rearrange- 
ment of the atoms where the solute atoms move into 
definite positions in the lattice. This structure is now known 
as an “ordered solid solution” or “super-lattice.”’ Generally, 
the properties are affected only slightly by ordering, except 
for electrical resistivity, which may be much lower in the 
ordered condition. 

Figure 7 shows a plot of electrical resistivity vs com- 
position for the copper-gold system. Rapid-cooled alloys 
are disordered solid solutions, whereas the annealed alloys 
tend to be ordered. The maximum effect of ordering occurs 
at 25 and 50 atomic per cent gold, 
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Table !V—Properties of Solid-Solution Copper 
Alloys’ 


Brinell Lattice 
Elonga- hardness, Parameter, | Electrical 
Tensile tion, 500 kg, | Angstrom | resistivity, 
strength, per cent | 10-mm units, | microhms/ 
in 2 in. ball 10°* cm cu cm 


Solute 
concen- 
tration psi 


Per cent Ni! | 

0 | 30,000 $3 : 3.6073 
10 | 35,000 | ‘ 5975 
20 | 39,000 : 3.5871 
30 44,000 | 5770 
40 48 ,000 : 5679 
50 50,000 3.5593 
60 | 53,000 | 3.5510 
70 53 ,000 : 5432 
80 | 50,000 5350 
90 48 ,000 : 3.5265 
100 | 43,000 ’ 5170 


Per cent Zn| 

0 32,000 a 3.6073 

5 36 ,000 6176 
10 41,000 ; ( 6275 
15 42,000 ‘ ‘ 6378 
20 43 ,000 ; 1 3.6488 
25 45 ,000 : 6612 
30 46 ,000 65 55 6735 
35 46 ,000 60 55 3.6864 
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*Source: Brick & Phillips, Structure and Properties of Alloys, McGraw-Hill 


Book Co., New York. 


Intermediate Alloy Phases 


These include various types of compounds, some of 
which resemble a solid solution in their properties. The 
true “intermetallic” compounds or “valency” compounds 
have compositions corresponding to chemical compounds. 
Since they generally have strong bonding, their properties 
are essentially nonmetallic. They have a narrow range of 
composition, high melting points, are hard and brittle and 
show poor electrical conductivity. Some examples of 
valency compounds are: Mg.Sn, Mg.Pb, AISb, CdSe, 
Be.C, and Al.Ca. 

The “interstitial” compounds are formed between metals 
and elements of small atomic radii such as hydrogen, car- 
bon, boron and nitrogen. They resemble interstitial solu- 
tions in that the smaller atoms fit into the interstices of 
the lattice structure. However, they differ in that the 
amount of the smaller atoms required to form the com- 


Aton 
Fig. 7—Electrical resistivity vs composition for the Cu-Au 


system. Source: Structure of Metals, McGraw-Hill Book Co., 
New York, 
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Table V—Examples of Electron Compounds 


| | 

21:13 electrons/ 
atom (complex 

| cubic structure) 


7:4 electrons/atom 
| (close-packed! hexa- 
gonal structure) 


3:2 electrons/atom 
(body-centered 
cubic structure) 


| 


Cu;Zng 
Au;Zng 
CuBe CuwAl, 
Cu,Al Ag;Cds 
CoAl Cu;Cds 


CuZn 
AgZn 


Ag;Al; 
AuCd; 
CuZn; 
CuBe 

CuZn; 


pound is always greater than the amount that may be dis- 
solved interstitially. They generally have a narrow range 
of compositions, very high melting points and are ex- 
tremely hard. Some examples are: TiC, TaC, Fe,N, W.C, 
Fe,C and Mo.C. 

Electron compounds are generally formed in alloys of 
Cu, Ag, and Au with metals of the “B” sub-groups of the 
periodic table. These include Cd, Hg, Zn, Si, Ga, etc. 
They appear at definite compositions which depend on the 
ratio of electrons to atoms between metals of different 
valencies and whose size differences do not exceed 15 
per cent. The most common ratios are 3:2, 21:13 and 
7:4. (See Table V.) The electron compounds generally 
exist over a wide range of composition, may show high 
ductility with low hardness, and may become ordered at 
lower temperatures. 


Plastic Deformation 


In the crystal structure of a metal, there exist parallel 
planes of high atomic density and correspondingly wide 
spacing. Any movement in the crystal takes place either 
along these planes or parallel to them. 

When a material is stressed below its elastic limit the 
resulting deformation or strain is temporary. Removal of 
the stress results in a gradual return of the object to its 
original dimensions. When a material is stressed beyond the 
elastic range, it will never return to its original shape. 
Plastic or permanent deformation has taken place. 

The ability of a metal to undergo plastic deformation is 
probably its most outstanding characteristic in comparison 
to other materials of construction. All shaping operations 
such as stamping, pressing, spinning, rolling, forging, 
drawing and extruding involve plastic deformation of 
metals. Various machining operations such as milling, 
turning, sawing and punching also involve plastic deforma- 
tion. An understanding of the behavior of a metal under 
plastic deformation and the mechanism by which it occurs 
helps the design engineer to design metal parts for optimum 
fabricating operations. 

Ductility follows a path opposite to that of hardness— 
a very sharp decrease in the first 10 per cent reduction 
and then a gradually slower rate. 

Since the lattice is distorted due to plastic deformation, 
the flow of electrons is hindered and electrical conduc- 
tivity decreases. Corrosion resistance also decreases be- 
cause the energy content of the crystal is raised. 

Effect on Properties. All the properties of a metal which 
are dependent upon the lattice structure are affected by 
plastic deformation. Tensile strength, yield strength and 
hardness are increased while ductility, as indicated by per 
cent elongation and per cent reduction in area, is decreased. 
Although both strength and hardness increase, the rate of 
change is not the same. Hardness generally increases 
rapidly in the first 10 per cent reduction and then slows 
down at successively greater reductions. Tensile strength 
increases more or less linearly. The yield strength also 
increases more rapidly than tensile strength so that as the 
amount of plastic deformation is increased, the gap be- 
tween yield and tensile strengths decreases. This is im- 
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portant in certain forming operations where appreciable 
deformation is required. This condition may be obtained 
by using a load above the yield strength but below the 
tensile strength. If the gap is narrow, very close control of 
the load is necessary. 

Deformation by Slip. If a single crystal of a metal is 
stressed in tension beyond its elastic limit, it elongates 
slightly. A line then appears around it, showing displace- 
ment of one part of the crystal with respect to the rest, 
and the elongation stops. On increasing the load, another 
line parallel to the first appears. This indicates another 
displacement, and again the movement stops. Each suc- 
cessive elongation requires a higher stress and is accom- 
panied by the appearance of another line, which is actually 
the intersection of a slip plane with the surface of the 
crystal. This deformation or slip continues until the ulti- 
mate strength of the crystal is reached and the material 
fractures. 

From a study of the orientation of the slip planes with 
respect to the applied stress, it has been found that the 
slip takes place by action of a simple shearing stress. 
Therefore, deformation takes place on the plane or planes 
which are oriented in such a way that the resolved shear 
stress is a maximum. This condition occurs when the 
planes are at 45 deg to the direction of the applied stress. 

Resolution of the simple tensile load in Fig. 8 gives 
two loads. One is a shear load (P, P cos @) along the 
slip plane and the other a tensile load (P,, P sin 0) per- 
pendicular to the plane. The area of the slip plane is 
A/sin @. Therefore, the stresses are shear stress: 


P cos 6 e r., 
: 4 sin 2 @ 


— = sin 6 cos 6 
A/sin 6 A 7 


and tensile stress: 


S, 





Fig. 8—Components of force on a slip plane. 





From the above equation, the shear stress will be a 
maximum when @ == 45 deg. This shear stress on the slip 
plane may not coincide with a slip direction, Fig. 9. The 
resolved shear stress in the slip direction is: S,, — P/2A 
sin 2 @ cos \. Each plane in the crystal has a critical 
tensile stress (S,) and critical resolved shear stress (S,,). 
As the load is gradually increased, the metal fractures 
along the plane concerned without any plastic flow if the 
critical normal stress is reached first. If the metal is 
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Fig. 9—Resolution of shear stress into an easy slip direction. 
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Fig. 10—Diagram of slip plane and slip direction in a face- 
centered cubic lattice. 
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Fig. 12—Slip bands in copper. 
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ductile, the critical resolved shear stress will be reached 
first and the metal will deform plastically. 

If the slip planes are either parallel or perpendicular 
to the direction of the applied stress, slip cannot occur; 
the material either deforms by twinning or it fractures (see 
below). As deformation proceeds, both the plane of slip 
and the direction of slip tend to rotate into the axis of 
tension. Blocks of the crystal on either side of a specific 
slip plane move in opposite directions and come to rest 
with the atoms in nearly an equilibrium position. Thus 
the external shape of the crystal is changed without destroy- 
ing it. The atoms cannot be in exactly normal positions 
after deformation because the properties of the crystal have 
changed and strain hardening has occurred. The classical 
picture of slip is illustrated schematically in Figs. 10 and 
11 in a face-centered cubic lattice. 

The (111) plane (Fig. 10), which is the plane of 
densest atomic population, intersects the (001) plane in 
the line ac. When the (001) plane is assumed to be the 
plane of the paper and many unit cells are taken together 
(Fig. 11), slip is seen as a movement along the (111) 
planes in the close-packed (110) direction, a distance of 
one lattice dimension or multiple of that dimension. The 
series of steps formed will appear under the microscope 
as a group of approximately parallel lines inside each 
grain (Fig. 12). 

The combination of a slip plane and slip direction is 
known as a slip system. The slip direction is always the 
one of densest atomic packing in the slip plane. In face- 
centered cubic materials, there are four sets of (111) 
planes and three close-packed (110) directions in each 
plane (Fig. 5), amounting to the highest degree of atomic 
concentration and symmetry encountered in any lattice. 
Consequently, metals with this type of lattice structure 
(silver, gold, lead, copper, aluminum) are easily deformed. 

Since body-centered cubic metals have fewer atoms per 
unit cell, they do not have a well-defined slip plane but 
deform by movement along various planes (110), (112), 
(100), depending on the relations of applied stress and 
the close-packed directions. This condition does not allow 
a high degree of plasticity and metals of this lattice type 
(tungsten, molybdenum, alpha iron) have medium duc- 
tility. 

The close-packed hexagonal metals (cadmium, mag- 
nesium, zinc) have only one plane of high atomic popula- 
tion (O01) and three close-packed directions <210> in 
that plane (Fig. 13). This structure does not have as many 
slip planes as the face-centered cubic structure, but may 
also deform by twinning, which generates new additional 
slip planes, thereby approximating the plasticity possessed 
by face-centered cubic metals and surpassing that of body- 
centered cubic metals. 

There are several remarkable features of deformation of 
a metallic crystal. One is the self stopping of slip. After a 
definite amount of movement, the movement stops. It will 
not move again on the same plane. Another feature is that 


(210) direction 


Fig. 13—Close packed <210> directions in the basal plane of 
the hexagonal lattice. 
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Fig. 15—Schematic diagram of twinning in a cubic lattice. 


the stress required to produce slip on the first plane is less 
than that required on subsequent planes. The stress must 
be constantly increased to produce further deformation. 
Not all of the energy of slip is dissipated in heat. Part of 
it is stored up as potential or internal energy of the crystal. 

Deformation by Twinning. Certain crystals may deform 
by twinning. This may result in an extensive change in 
shape or may bring potential slip planes into a more 
favorable position. Twinning is a movement of planes of 
atoms in the lattice parallel to a specific (twinning) plane, 
so that the lattice is divided into two symmetrical parts 
which are differently oriented. The amount of movement 
of each plane is proportional to its distance from the 
twinning plane. Twinning is illustrated schematically in 
Figs. 14 and 15. 

In Fig. 14, the (111) twinning plane intersects the 
(110) plane in the line XY. Each (111) plane in the 
twin section moves in the designated direction. The first 
one, AB (see Fig. 15), moves one-third of a lattice 
dimension; the second, CD, moves two-thirds of a lattice 
dimension; and the third, EF, moves the entire spacing. 
On either side of the twinning plane, crystal sections are 
mirror images of each other. The atoms end up in inter- 
atomic spaces and therefore the orientation has been 
changed. Also, since the twinning section involves a large 
number of atoms, it generally appears under the micro- 
scope as a broad line or band. 

Slip vs Twinning. Twinning undoubtedly is a function 
of the material (its lattice structure), the nature of the 
applied force, and the orientation of the twinning plane to 
the applied force. Slip seems to be the most common 
method of deformation. 

Polycrystalline Material. The preceding discussion de- 
scribed deformation in single crystals. Commercial material, 
however, is always made up of polycrystalline grains 
whose axes are oriented at random. When a polycrystalline 
material is subjected to stress, slip starts first in those 
grains in which the slip planes are most favorably situated 
with respect to the applied stress. After a certain amount 
of deformation has taken place, the possibilities in those 
grains are exhausted. The rotation into the axis of tension 
brings other grains, originally less favorably oriented, into 
a position where they can now deform. As these grains 
deform, they also rotate. Since the crystal axes of adjacent 
grains are randomly oriented, the slip planes must change 
direction from grain to grain. This means that more work 
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is done at the grain boundaries and more internal or 
potential energy exists at those points. As deformation and 
rotation proceed, the individual grains tend to elongate in 
the direction of flow. If the deformation is severe, the 
grains may be fragmented or -broken. 

When a crystal deforms, the lattice structure is dis- 
torted. As the deformation increases, the distortion in- 
creases and this is indicated by an increase in resistance 
to further deformation. The distortion is greatest at the 
grain boundaries and on the slip planes. The most prevalent 
theory for this phenomenon is the dislocation theory which 
states that as deformation increases, new dislocations or 
irregularities arise along the slip planes. As the number of 
dislocations increases, further movement is hindered and the 
resistance to deformation is increased. 

Full Annealing. Full annealing is the process by which 
the distorted, cold-worked lattice structure is changed back 
to one which is strain free through the application of heat. 
This process is carried out entirely in the solid state and 
is usually followed by slow cooling in the furnace from the 
desired temperature. The annealing process may be divided 
into three stages: recovery, recrystallization and grain 
growth. 

Recovery is primarily a low-temperature effect and con- 
sists mainly of the release of internal stresses. When the 
load which has caused plastic deformation in a polycrystal- 
line material is released, all of the elastic deformation does 
not disappear. This is due to the different orientation of 
the crystals which will not allow others to move back 
when the load is released. As the temperature is increased, 
these elastically displaced atoms spring back to their 
original position. This causes a slight amount of plastic 
deformation and relieves the internal stress. Electrical con- 
ductivity is increased and the slight plastic flow may result 
in a slight increase of hardness and strength. However, the 
microstructure is not changed. Commercially, this low- 
temperature treatment in the recovery range is known as 
stress-relief annealing. 

As the upper temperatures of the recovery range are 
reached, minute new crystals appear in the microstructure. 
These new crystals have the same composition and lattice 
structure as the original undeformed grains and are not 
elongated but are approximately uniform in dimensions. 
The new crystals generally appear at the most drastically 
deformed portions of the grain, usually the grain boun- 
daries and slip planes. The group of atoms from which the 
new crystals are formed are called nuclei, and recrystalliza- 
tion takes place by a combination of nucleation of strain- 
free grains and the growth of these nuclei to absorb the 
entire cold-worked material. 

Fundamentally, recrystallization 
tenets: 

1. The less the prior deformation, the higher is the 
necessary recrystallization temperature. 

2. A certain minimum amount of cold working (usually 
2 to 8 per cent) and temperature are necessary for re- 
crystallization. 

3. The final grain size is determined primarily by the 
amount of prior deformation. 

4. Increasing the annealing time decreases recrystalliza- 
tion temperature. 

The recrystallization process is far more sensitive to 
changes in temperature than to variations in time at con- 
stant temperature. Generally, increasing the temperature 
10 deg C is equivalent to doubling the time at the lower 
temperature. The term “recrystallization temperature” does 
not refer to a definite temperature below which recrystal- 
lization will not occur, but refers to the approximate tem- 
perature at which a highly cold-worked material com- 
pletely recrystallizes in about one hour. 

It is possible that a large number of new grains will 
completely form in one area while a considerable amount 
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of distorted material still exists. Some of the new grains 
will grow at the expense of other new grains next to them. 
This constitutes grain growth. Recrystallization, however, 
is not considered complete until all the cold-worked metal 
has been replaced by strain-free grains. It is not possible 
to indicate a definite temperature for each stage of anneal- 
ing since they obviously overlap and are affected by many 
variables. 

The factors governing finer recrystallized grain size are: 

1. heavy prior deformation 

2. low temperature of recrystallization 

3. short time heating to the desired temperature 

4, short time at temperature. 

Large grains have lower free-energy than small grains. 
This effect is associated with the reduction in the amount 
of grain boundary. Therefore, under ideal conditions, the 
lowest energy state for a metal would be as a single 
crystal. This is the driving force for grain growth. Opposing 
this force is the rigidity of the lattice. As the temperature 
increases, the rigidity of the lattice decreases and the rate 
of grain growth is more rapid. At any given temperature 
there is a maximum grain size at which these two opposing 
effects are in equilibrium. (See Fig. 16.) 

Effect on Properties. Since full annealing restores the 
material to a strain-free lattice structure, it is essentially 
a softening process. Property changes produced by the 
plastic deformation are removed and the material returns 
very nearly to its original properties. Therefore, during 
annealing the hardness and strength decrease and ductility 
increases. This change in properties is shown schematically 
in Fig. 17. 


Age Hardening 


There are only two methods to increase the hardness 
and strength of a given alloy: cold working or heat treat- 
ment. The principal heat-treating process for non-ferrous 
alloys is age hardening or precipitation hardening. In order 
to apply this heat treatment, the phase diagram of the 
alloy system must show partial solubility. A portion of 
such a diagram is shown in Fig. 18. 

The phase diagram is a graphical representation of an 
alloy system. It shows the phases of an alloy in equilibrium 
at any temperature and composition. The liquidus line 
gives the temperature of initial crystallization. The solidus 
line shows the temperature of final crystallization of any 
alloy. Above the liquidus line, the alloy is a uniform liquid 
solution. Below the solidus line, the alloy is completely 
solid. The region labeled a is a single phase region—a 
homogeneous solid solution of B dissolved in A. At £ is 
another solid solution or an intermediate alloy phase 
(compound). The solvus line shows the change in solubility 
of B in A with a change in temperature. It indicates the 
maximum solubility of B in A at any temperature. When 
an alloy is in the a region, it is an unsaturated solution. 
However, when it is on the solvus line, the solid solution is 
saturated. 

The slow cooling of an alloy (containing 85 per cent A 
and 15 per cent B) from the liquid state is as follows: as 
the liquid solution cools, it will cross the liquidus line 
(point M) and solidification will start. The first crystals 
to solidify are an a solution very rich in A. Solidification 
will gradually continue as the temperature drops. The 
chemical composition of the a solid solution will gradually 
move down along the solidus line. At the same time the 
chemical composition of remaining liquid solution will 
gradually move down along the liquidus line. The chemical 
composition of the phases present at any temperature in a 
two-phase region may be determined by applying a very 
simple rule. To illustrate, at temperature 7T' (point R), 
draw a horizontal line to the boundaries of the two-phase 
area. Point U dropped to the base line gives the composi- 
tion of the a solution—97 per cent A, 3 per cent B. Point 
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Fig. 16—Effect of temperature on recrystallized grain size. 
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Fig. 18—Part of a phase diagram showing partial solubility. 


V dropped to the base line gives the composition of the 
liquid—75 per cent A, 25 per cent B. Eventually the 
solidus line will be reached (point N), and the last liquid 
to solidify will be rich in B. If the cooling is done very 
slowly, diffusion will take place and, at temperature T,, 
the alloy will be a homogeneous unsaturated solid solution 
of 15 per cent B dissolved in 85 per cent A. With con- 
tinued cooling, the solvus line (point P) will be reached. 
The solid solution is now saturated. Upon further cooling 
to room temperature, the excess 8 must come out of solu- 
tion. At room temperature the diagram indicates that the 
maximum solubility of B in A is only 10 per cent. Under 
slow cooling, this excess 8 will come out as coarse particles 
primarily at the grain boundaries (Fig. 19). 

If the 8 phase is a brittle intermetallic compound, the 
alloy will not be very strong or ductile. It will tend to rup- 
ture under load along the grain boundaries. This alloy, 
however, may be made to undergo a significant change in 
strength and hardness after being properly heat treated 
and allowed to remain at room temperature, or heated to 
slightly elevated temperatures. 
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Table Vi—Effect of Aging on Properties of Alumi- 
num Alloy 2014 (3.5-4.5 per cent copper) 


Brinell 
Elonga- hardness, 
Ultimate!) Yield tion, 500 kg, Shear 

Alloy and strength,| strength, per cent 10-mm | strength, 

condition psi psi in 2 in. ball psi 
Annealed 27,000 | 14,000 18 45 18,000 
Solution treated 

(naturally 

aged) 62,000 | 42,000 20 105 38 ,000 
Solution treated 

(artificially 

aged) 70,000 


60 ,000 13 42,000 


Fig. 19—Microstructure of 
an 85 per cent alpha 15 per 
cent beta alloy. 


Fig. 20—Microstructure aft- 
er rapid quenching to room 
temperature. 


Two stages are generally required in the heat treatment 
to produce age hardening: solution treatment and aging. 

Solution Treatment. The alloy is reheated to temperature 
T, in solution treatment. All the B is dissolved and the 
structure is a homogeneous solid solution, a. The alloy is 
cooled rapidly (quenched), trapping all the excess 8 in 
solution. A supersaturated solution is then formed at room 
temperature. The quench is usually carried out in a cold- 
water bath or by a water spray. Drastic quenching tends 
to set up stresses which often result in distortion, espe- 
cially if the parts are intricately designed. In such instances, 
boiling water may be used as a quench medium to mini- 
mize distortion. If a is a ductile solid solution, the alloy 
will be ductile immediately after quenching. This allows 
warped or distorted parts to be straightened easily. The 
microstructure is shown in Fig. 20. 

Aging Process. The alloy, as quenched, is in an unstable 
state. The excess solute will tend to come out of solution. 
Those alloys in which the precipitation takes place at room 
temperature are known as “natural aging” alloys. Those 
alloys which require reheating to slightly elevated tempera- 
tures are known as “artificial aging” or “precipitation 
treatment” alloys. In the aging process, the excess phase 
comes out of solution as fine, submicroscopic particles. 
Since these particles are very fine, many are distributed on 
the slip planes, Fig. 21. Therefore, they increase the func- 
tional resistance to slip, increase the number of disloca- 


tions, and result in increased strength and hardness. See 
Table VI. 

The strengthening of a heat-treatable alloy by aging is 
not due merely to the presence of a precipitate. It is due 
to both the uniform distribution of a finely dispersed sub- 
microscopic precipitate and the distortion of the crystal 
structure. There is usually an incubation period at first, 
followed by a rapid increase in the hardness, tensile 
strength and yield strength. This‘occurs as the distortion 
of the lattice increases. Electrical conductivity decreases at 
the beginning because of lattice distortion; then it increases 
when precipitation occurs. The final conductivity of the 
alloy in equilibrium is always higher than that of the 
super-saturated solid solution. In “abnormal” aging, an 
increase in strength may be obtained without actual pre- 
cipitation. The dissolved particles move to certain positions 
in the lattice structure before precipitation and this move- 
ment produces lattice distortion with an increase in strength 
and hardness without actual precipitation. 

Aging does not have the same effect on the properties of 
all alloys. In some alloys the changes in hardness and 
strength may be very small; in others the changes may be 
large. The greater the amount of metal dissolved in excess 
of the saturation limit, the greater the distortion produced. 
Hence, the greater will be the effect on hardness and 
strength. The effect of aging and the effect of an increase 
in metal dissolved in excess of the saturation limit is il- 
lustrated in Table VII for two copper-beryllium alloys. 
The saturation limit, at room temperature, is in the order 
of 0.1 per cent beryllium. Also, if the change from solid 
solution to precipitate involves only negligible changes, 
the distortion produced and the effect on the properties 
are small. If the precipitation involves extensive changes 
in the lattice, a large amount of distortion occurs, with 
extensive changes in properties. 


Metals at High Temperatures 

Creep is a property of great importance in materials 
used for high-temperature applications. It is continuing 
slow plastic flow under constant conditions of load or 
stress. This phenomenon is generally associated with a 
time-rate of deformation continuing under stresses well 
below the yield point or elastic limit for the particular 
temperature to which the metal is subjected. It occurs at 
any temperature, although its importance depends upon 
the material and the degree to which freedom from con- 
tinuing deformation is desired. 

The design of stressed members is usually based on the 
rate of steady-state creep. In some cases, under moderate 
stresses, the creep rate may continue to decrease at a very 
slow rate and the secondary stage may continue for a very 
long time (curve 4, Fig. 22). However, if the stress is 
sufficiently high, there is a final stage in which the creep 
rate accelerates until fracture occurs. 

Creep strength, the quantity that is used in design, is 
the stress required to produce a definite percentage of 
strain in 1000 hr. High-temperature strength values for 
some wrought alloys are given in Table VIII. 


Table VIl—Effect of Aging and Composition on the Physical Proper- 


a grains 


Alloy 


90-2.15 per 
cent Be 


60-1. 80 per 
Fig. 21—Schematic diagram cent Be 


of microstructure after aging. 
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ties of Some Copper-Beryllium Alloys. 


Tensile 
strength, 
Condition psi 


Elongation, 
per cent in 
2 in. 


Rockwell 
hardness 


B 45-65 
C 36-40 


Solution-annealed 60— 80,000 35-50 
After aging 165-180 ,000 5- 8 


B 45-65 
C 33-37 


Solution-annealed 60— 80,000 
After aging 150-165 ,000 





Table Vill—High-Temperature Strength Values for Several Wrought Alloys* 


Short time 
tensile 
Temp, strength, 
deg F psi 


Alloy 
(balance of composition 
is essentially iron) 


Carbon steel (0.15% C) 800 50 ,000 
1000 30 ,000 
1200 15,000 


18-8 stainless steel 
(18% Cr, 8% Ni) 


1000 55,000 
1200 42 ,000 
1500 21,000 
N-155 (low carbon) (20% Cr, 20% 
Ni, 20% Co, 3% Mo, 2% W, 
1% Cb, 0.12% C, 0.12% Nz) 


1200 91,000 
1350 65 ,000 
1500 56 ,000 


1000 79,000 
1200 ,000 
1500 22,000 
1800 8,000 


Inconel 


(77% Ni, 14% Cr 


24-S aluminum alloy (nat. aged) 200 62,000 
(4.5% Cu, 1.5% Mg, 0.6% Mn, 400 000 
balance Al 600 ,000 


M1 magnesium alloy 95 ,000 
(1.5% Mn, balance Mg) 200 ,000 
300 ,000 

600 000 


Addison-Wesley Publishing 


T me > 
Fig. 22 illustration of creep curve 
and creep curve at moderate stress. 


Schematic at high stress 


Approximate "| 
relative cost 
(carbon 
steel 1) 


1000-hr 

rupture 

strength, 0.1 per cent 
psi 1000 hr 


Creep strength, psi 


0.01 per cent 
1000 hr 


20 ,000 14,000 
11,700 4,000 2,700 
2,000 600 300 


,000 18,000 11,000 
,000 7,000 4,000 
3,500 2,000 1,300 


39 ,000 20 ,000 ,000 
2,000 15,000 ,000 
,000 9,000 ,000 


33 ,000 25,000 5 ,000 
3,000 8,000 5,500 
,000 1,400 700 

, 700 500 320 


000 
000 13,000 
4,000 


,000 
,000 17 ,000 
2,000 4,000 


12,000 


1951. 


Most of the information on creep is determined by a 
“rupture test’—a tensile test under constant load at a 
constant temperature. The specimen is held in the furnace 
by special adapters and a constant load is applied. A dial 
gage reads the elongation of the specimen and the per cent 
elongation. This total creep is plotted against time from 
the beginning of the test until time of fracture. Schematic 
illustrations of two creep curves are shown in Fig. 22. 

When the load is first applied, there is an instantaneous 
elastic elongation, then a primary stage of a transient 
nature in which slip and work hardening take place in the 
most favorably oriented grain. At this time the creep rate 
gradually slows to a minimum. This is followed by a 
secondary stage of steady-state creep during which the 
process continues at an approximately constant minimum 
rate. 

Changes in microstructure brought about by slow creep 


Table IX—Toughness of Some Steels and Non-Ferrous Materials at Low Temperatures 


Room temper- 
ature tensile 
strength, psi 

or Brinell 
hardness 


Material 


Composition Condition 


Ni steel 
(0.21 C, 3.47 Ni) 


Normalized 1675 F, 192 
oil quenched, tem 217 
pered 1050 F 


Fe-Ni alloy (35.3 Ni) Annealed 


Commercially pure Al Annealed 


Al alloy 175 (3.72 Cu, 
0.6 Mn, 0.6 Mg) 


Solution treated 


Cu-Be (2.55 Be) Water quenched ,000 


and aged 
Mg alloy M1 (1 Mn) Extruded 39 ,000 


Mg alloy Az 63 
(6 Al, 3 Zn) 


Cast, heat treated 38 ,900 
and aged 


132 


ft-lb 


Notched-bar impact values (temperature, deg F) 


temp ft-lb temp ft-lb temp ft-lb temp 


44 : 3: 7 40 9 100 
106 $ 5 40 106 100 


310 
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Transition 
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As-rolled low-carbon steel 


-10¢ 


Temperature , deg f 


Fig. 23—Effect of nickel and heat treatment on low-tempera- 
ture impact strength of steel. 


at high temperatures differ in many ways from those due 
to a rapid deformation at lower temperatures. At high 
temperatures and prolonged times of loading, opportunity 
is given for processes to operate which would not be active 
at lower temperatures. Recovery, recrystallization, grain 
growth, diffusion, grain boundary slip, phase changes in 
alloys, and various slip processes all can take place during 
high temperature creep. 


Metals at Low Temperatures 


In designing equipment to operate at low temperatures 
it is necessary to take into account the decrease in ductility 
produced in some alloys by these low temperatures. Almost 
all alloys show an increase in yield and tensile strength at 
low temperatures. All metals and alloys that have a face- 
centered cubic lattice structure (copper, nickel, aluminum 
and their alloys) seem able to maintain their ductility 
and impact strength at very low temperatures (—400 F). 
However, the non face-centered cubic metals and alloys 
such as ordinary pearlitic steels exhibit a marked de- 
crease in ductility and toughness even at moderately low 


temperatures. The term “transition temperature” is used 
to describe the change from ductile to brittle behavior. The 
precipitation-hardening alloys which are unstable may also 
show this brittle behavior at moderately low temperatures. 
The transition temperature or brittle behavoir of a material 
is usually determined by the notched-bar impact test at 
decreasing temperatures (see Table IX for toughness com- 
parisons of materials). After hardening by rapid quenching 
and reheating to about 110 F, some steels show excellent 
toughness at temperatures approaching —200 F. This is il- 
lustrated in Fig. 23. The tensile strength, ductility, and 
impact strength at low temperatures of some steels and 
non-ferrous materials is shown in Table X. With respect 
to other physical properties, the coefficient of thermal 
expansion generally decreases with a decrease in tempera- 
ture. Thermal conductivity and modulus of elasticity gen- 
erally increase with a decrease in temperature. 


Fatigue 


The behavior of metals under varying stress, whether 
direct (tension and compression), torsional, bending or 
impact, may result in failure. Fatigue failure occurs as a 
fracture, caused by repeated application of a stress, even 
when that stress is below the elastic limit of the material. 

From the appearance of fatigue failures, the progress of 
fatigue seems to occur in three stages. First is the start 
of a crack, spreading out from some nucleus (or due to 
a stress concentration caused by faulty design, poor ma- 
terial, contaminated surface or some other form of dis- 
continuity). Second, since the crack itself is a stress raiser, 
it becomes self-propagating and spreads under successive 
cycles of loading. Lastly, when the spreading crack has 
sufficiently weakened the section, sudden and _ brittle 
fracture occurs. 

Some metals, notably ferrous alloys, have “safe” ranges 
of stress. Below some stress amplitude, the “fatigue limit” 
or “endurance limit,” failure does not occur at all, even 


Table X—Strength and Ductility of Some Steels and Non-Ferrous Materials at Low Temperature 


Temp, 

Material Compcsition Condition deg F 
Low carbon steel As rolled 70 
(0.13-0.14% C) 85 
292 

70 

296 

423 


Ni steel 
(0.13 C, 5.13 Ni, 0.41 Mn, 
0.19 Cr, 0.15 Si) 


Oil quenched 68 
and tempered, 242 
1200 F 319 


Fe-Ni alloy Water quenched 70 
(0.16 C, 35.8 Ni, 0.86 Mn) 423 


Commercially pure Al Hard rolled 


Al alloy 17S Solution treated 


(4 Cu, 0.5 Mn, 0.5 Mg) 
Al alloy 52S Hard rolled 
(2.5 Mg, 0.25 Cr) 


Cu-Be 
(2.56 Be) 


Water quenched 
and aged 


Mg alloy M1 Extruded 


(1 Mn) 


Mg alloy Az 63 
(6 Al, 3 Zn) 


Cast, heat 
treated and 
aged 


Reduction 
in area, 
per cent 


Yield Tensile 
strength, strength, 
psi psi in 2 in. 


Elongation, 
per cent 


54,700 66 , 300 29 18 
67,700 , 700 33 0.3 
, 300 26 5 
2,700 5,700 27 
37 ,000 7 
,000 5,000 0: 


3,000 25 
3,000 25 
,000 21 


,400 , 100 32 
, 000 ,000 


, 700 3,500 
,350 , 700 


5,500 ,000 
, 500 ,000 


,600 43,500 
, 200 45 ,600 


125,000 ,000 
7,000 ,000 
000 ,00) 


,000 39,000 
,900 52,000 


21,500 38 ,900 
24,400 35,400 
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after a very large number of cycles of repetition of stress. 

Metallic fatigue fracture ordinarily depends on the num- 
ber of repetitions of a given range of stress rather than 
upon the total time under load. Speed has almost no 
observable effect on the fatigue strength of a metal except 
under special conditions of environment. The effect of 
temperature on the endurance limit is not particularly 
significant. At high temperatures, the creep stress becomes 
the limiting cause of structural damage. The endurance 
limit seems to increase at temperatures below room tem- 
perature. Increasing the size of the part has the effect of 
lowering the endurance limit. Due to this there is a 
greater likelihood of defects in larger pieces. If the piece 
is subjected to a large number of cycles of stress below 
the endurance limit and is then tested to fracture at a 
higher stress, the piece is found to have a longer life at 
the higher stress. This is called “understressing.” “Over- 
stressing” has just the reverse effect, resulting in the reduc- 
tion of the endurance life at a lower stress. 

Local stress raisers are the usual starting points for 
cracks. Stress raisers may be inherent in the design of 
the part. Keyways, grooves, notches, holes or any pro- 
nounced shape-changes result in stress concentrations. 
Stress raisers may also exist in a part due to fabrication 
practices. For example, some apparent differences in the 
fatigue properties of castings and those of forgings may 
be anticipated. Internal discontinuities such as gas porosity, 
slag, sand, oxide inclusions, or shrinkage cavities will re- 
main in a casting. In addition, a skin of material in con- 
tact with the mold or die may not be machined off. This is 
likely to have properties somewhat different from those 
of the core. The transition region between the skin and 
core is a possible origin for fatigue damage. Weldments 
are also subject to stress raisers such as slag, oxide, shrink- 
age and gas porosity. Wrought or worked metal parts are 
not as likely to fail by fatigue as are cast parts, since the 
cast structure is broken up during the mechanical working 
operation, 

Aside from a change in design to eliminate sharp 
corners and abrupt changes in shape, the fatigue strength 
may be improved by several methods. It has been found 
for some materials, notably wrought steel, that fatigue 
strength is directly related to indentation hardness and 
tensile strength. Therefore, practices which raise the tensile 
strength (such as cold working, alloying, and heat treat- 
ing) should be beneficial. However, care should be exer- 
cised in their use since hardened alloy steels are more 
sensitive to surface defects. 

Since it has been pointed out that fatigue failures usually 
start as surface cracks, any method which strengthens the 
surface of the part tends to improve fatigue strength. This 
may be accomplished by two methods. One is by cold 
working the surface by shot blasting, cold rolling, or by 
special tools which can be used to exert a compressive 
force. The other is by heat treatment such as conventional 
heating and quenching, induction or flame hardening, or 
methods which change the chemical composition of the 
surface, such as carburizing and nitriding of steel. 

Surface finish is also of great importance in determining 
fatigue strength. Scratches, pits or nicks on the surface 
act as stress raisers in a manner similar to keyways and 
grooves. However, the achievement of exceptionally good 
finishes is not practical for many machine parts. 


Wear of Metals 


Wear is one of the most destructive influences to which 
metals are exposed. Almost every moving part causes or 
is exposed to wear. It may be considered as a surface 
phenomenon, consisting of the gradual mechanical de- 
terioration of contacting surfaces. 

The wear of metals may be divided broadly into metal- 
to-metal wear, metal-to-nonmetal or abrasive wear, and 
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metal-to-liquid or vapor wear. These may be subdivided 
into wear under rolling or under sliding friction, and fur- 
ther, according to whether lubrication can or cannot be 
used. 

Wear involving a single condition is rare; in most ma- 
chinery both abrasive and metal-to-metal wear occur. 
Since in most machinery applications wear can rarely be 
avoided completely, even with the best lubrication, it is 
common to use a hard metal and a relatively soft one 
together. The softer material is used (as in a bearing) 
for the part which is most economical to replace. 

In metal-to-metal wear, tiny projections produce friction 
by mechanical interference with the relative motion of 
contacting surfaces, increasing resistance to further move- 
ment. If the driving force is sufficient to maintain move- 
ment, the interlocked particles are deformed. If they are 
cf a brittle material they may be torn off. This leads to 
the conclusion that wear resistance will be improved by 
increasing the hardness to resist initial indentation, the 
toughness to resist tearing out of metallic particles, and 
the surface smoothness to eliminate projections. 

In abrasive wear, small pieces of metal must be 
deformed and torn loose. The ease with which the abrad- 
ing particles may dig in depends on the hardness of the 
metal. The ease with which the metal may be torn off 
depends on the toughness. Therefore hardness and tough- 
ness, the same properties that influence metal-to-metal 
wear, also determine abrasive wear. Hardness is probably 
more important than toughness. In practice, the most 
popular method of improving wear resistance is by use of 
surface-hardened metals. 

Metal-to-metal wear may be reduced by increased 
smoothness of the contacting surfaces and by lubrication 
of facing surfaces. 

Cold working and plastic flow may accompany the 
wear of metals. This is especially important in wear re- 
sulting from impact, since the strength and endurance 
limit increases. Fine-grain structures may minimize fail- 
ure and consequent wear by localizing cracks in micro- 
scopic crystals rather than permitting them to be propa- 
gated across a large grain. 

Metallic substances and intermetallic compounds, even 
though they are brittle, show superior wear resistance. 
This is due to a degree of ductility which, in combination 
with high hardness, provides toughness greater than that of 
most minerals and ceramic materials. 

Wear is rarely the product of a single mechanism, and 
is difficult to predict without careful analysis and study of 
all factors. Several major sources of deterioration may 
combine in such a way that they obscure or greatly com- 
plicate the problem. To identify and weigh these factors 
for practical purposes requires engineering skill, experience 
and good judgment. 

Adequate lubrication, smoothness and soundness of the 
metal surfaces, and the prevention of corrosive conditions 
are usually the most effective methods of reducing wear. 
Porous chromium plating has proved very efficient in 
preventing wear in some applications. Indium plating has 
been used to reduce the wear of lead bearings. Increasing 
surface hardness is usually beneficial for ferrous alloys 
and this may be accomplished by a variety of methods. 
Some of these are carburizing, nitriding, carbonitriding, 
cyaniding, siliconizing, hard chromium plating, hard sur- 
facing, flame hardening, and induction hardening. 


Factors Influencing Corrosion 


Corrosion of metals is a deterioration by chemical ac- 
tion. Generally it is slow but persistent in character. In 
some instances the corrosion products exist as a thin ad- 
herent film which merely stains or tarnishes the metal, 
acting as a retardant to further corrosive action. In other 
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cases the products of corrosion are bulky and porous in 
character, offering no protection. 

Corrosion is essentially a process resulting in either 
part or all of the metals being transformed from the metal- 
lic to the ionic state. When a metal is placed in a solution 
it tends to dissolve by oxidizing, releasing electrons and 
forming positive ions. These electrons must combine with 
other ions for the reaction to continue, otherwise a large 
concentration of electrons builds up in the metal and the 
ionization stops. The basic reaction of corrosion is 

A-++ B* > A* +B 
and the result is a flow of electrons from metal A, going 
into solution, to ion B, in solution, thereby displacing the 
latter. 

The accumulation of corrosion products, either at the 
cathode or the anode, produces “polarization.” This is a 
counter-electromotive force that reduces the current flow 
of the reaction. If the corrosion products are removed 
as they form, no polarization takes place and corrosion 
proceeds. 

A most important factor is a difference in potential be- 
tween metals. The normal potential of each metal or alloy 
is characteristic and is measured with reference to the po- 
tential developed by the hydrogen cell. The electromotive 
force of the hydrogen electrode is assigned a value of zero 
and the measured electromotive force is the value given to 
the metal. In this way the metals can be arranged in a 
series according to the value of their normal potentials 
(Table XI). 

The listing in this table is in order of decreasing activity. 
The more active metals at the top of the list exhibit a 
stronger tendency to dissolve than those at the bottom. A 
metal higher in the series will displace a metal lower in 
the series from solution. 

The pH of the solution and the concentration of metallic 
ions may appreciably vary the potential difference. If the 
concentration decreases, the potential increases. A change 
in pH is a change of the hydrogen ion activity and there- 
fore a shifting of the zero in the electromotive series. 

If elimination of the metallic ion takes place by precipi- 
tation in the form of an insoluble compound, a film is 
formed. If the film is formed directly on the interface be- 
tween the metal and the corroding solution, and the film 
is impervious to the solution, complete insulation results 
and corrosion stops. Such films are formed on many 
metals, notably aluminum and chromium. A porous oxide 
or metallic coating tends to increase corrosion, especially 
when the part is not continuously immersed but is exposed 
to alternating periods of immersion and drying. 

By increasing the amount of oxygen in solution, the rate 
at which oxides are formed is increased. If oxide forma- 
tion acts to remove metallic ions from solution away 
from the metal, it tends to accelerate corrosion. If oxide 
forms as a film on the metal, high oxygen content has no 
effect on the rate of corrosion but does reduce the time 
for film formation. 


Table Xi—Electromotive Series of Metals 


Potential, 
volts 


Metal 


Lithium Cobalt 0 
Potassium Nickel 0.25 
Sodium Tin 0.15 


Aluminum Lead 0.13 
Manganese - Hydrogen 0.0 
Zinc - Copper 0.35 


Chromium Silver 0.80 


Iron - Platinum +0 .87 
Cadmium Gold 1.50 
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Agitation removes corrosion products, brings fresh cor- 
roding solution to the corrosion zone, and results in an 
increased corrosion rate. Other factors such as_ the 
presence of other ions, temperature of the solution, and the 
existence of stray electrical currents may materially affect 
the corrosion rate. 

Types of Corrosion. Uniform corrosion takes place 
when no difference of potential exists between any parts of 
the metal. The surface of the metal is evenly corroded. 
This type is unusual in metals since they are rarely so 
homogeneous as to corrode evenly. 

Pitting corrosion is most common. It is due to the 
presence of heterogeneities in the metal. These hetero- 
geneities arise from inclusions, distorted zones, or coring 
in the metal. Because of the difference of potential be- 
tween the different points on the surface, some corrode 
faster to protect the rest. Pitting may also occur when 
there is a break in the oxide film. 

Intergranular corrosion occurs in alloys where a po- 
tential difference exists between the grain boundary and 
the center of the grain. This type of corrosion often takes 
place when precipitation of a phase from a solid solution 
occurs. Since precipitation usually takes place faster at 
the grain boundaries, a difference of potential will exist 
and the grain boundary will dissolve preferentially. This 
type of corrosion is particularly serious in aluminum alloys 
and in austenitic stainless steels containing carbon. Often 
a visual examination of the part will not reveal the extent 
of the damage. In most cases there is an appreciable loss 
in mechanical properties. 

Stress corrosion is actually an acceleration of corrosion 
due to internal or external stress. It is produced by a dif- 
ference of potential between different parts of the lattice 
structure. Stress corrosion may be concentrated at the slip 
planes due to the distortion produced by cold working. 

Galvanic corrosion occurs at interfaces where two dif- 
ferent metals are in contact. Its severity depends upon 
difference of potential, and also upon the relative surface 
area of the two metals involved. 

The extent of reduction in mechanical properties will 
depend upon the severity and type of corrosion. If the 
corrosion is uneven on the surface, cavities which may act 
as stress raisers are produced. This is not serious in pitting 
corrosion since the bottoms of the pits are usually rounded. 
However, in intergranular or stress corrosion, the hairline 
crack produced is more serious. The loss of metal area is 
not as important as the depth of penetration of the cor- 
rosion. In uniform corrosion a larger area is lost, but it 
may be only a thin layer. In intergranular and stress cor- 
rosion, only a small area is lost, but the corrosion pene- 
trates deep inside the metal. 

Methods for Corrosion Prevention. The best methods 
for preventing corrosion involve the use of high-purity 
materials, alloy additions, special heat treatments, and 
proper design to minimize the effect of corroding agents. 

In most cases, the use of high-purity metals tends: to 
reduce pitting corrosion, thereby improving corrosion re- 
sistance. . 

Alloy additions improve corrosion resistance by com- 
bining with impurities and changing the nature of the 
metal’s phase. This change in phase should result in a re- 
duction of the potential difference between the second 
phase and the base metal. An example is the addition of 
niobium or titanium to austenitic stainless steels. These 
additions improve intergranular corrosion resistance by 
preventing depletion of the matrix of chromium carbides 
which would normally precipitate at the grain boundaries. 
Some additions improve corrosion resistance by forming, 
or helping the formation of, adherent, non-porous surface 
oxide films. 

Heat treatment which leads to homogenization of solid 
solutions, especially in cast alloys, tends to improve cor- 
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rosion resistance. Stress-relief treatments following cold 
working are very effective in improving the resistance of 
alloys susceptible to stress corrosion. 

Corrosion can be reduced by proper design of the part 
so that contact with the corrosive agent is reduced to a 
minimum. Joints should be properly designed to reduce the 
tendency for liquids to enter and to be retained. Contact 
between metals far apart in the electromotive series should 
be avoided. If this cannot be done they should be separated 
by rubber or plastics to reduce galvanic corrosion. 

Cathodic protection is obtained by placing the metallic 
part in electrical contact with a more electronegative 
metal. In most cases, the protective metal is coated on the 
part to be protected. The potential between two metals 
may be reduced by coating one of the metals in the joint 
with a metal that is close in potential to the other 
metal in the joint. For example, iron is protected from 
corrosion by a zinc coating when in contact with copper. 

Inhibitors are chemicals which, when added to the cor- 
rosive solution, reduce or eliminate its corrosive effect. 
In most cases they either produce or facilitate the forma- 
tion of an insulating film. Oxidizing agents produce oxide 
films on aluminum, chromium and manganese; fluorides 
will protect magnesium. 

Paints, enamels and lacquers are used extensively for 
corrosion resistance. By coating the metal with a film, 
contact with the corrosive medium is prevented. When 
the film breaks, corrosion starts on the exposed metal and 
spreads underneath the coating. Therefore it is important 
that the surface of a metallic part be smooth and clean 
in order to obtain good adhesion of the coating. 

Salt and oxide films are obtained by reacting the metal 
with a solution which produces the desired film. Some 
examples are: chromate pickling to protect magnesium 
by forming a film of magnesium chromate; “Parkerizing” 
or “Bonderizing” protects ferrous alloys by forming a 
phosphate film; and anodizing forms a thick oxide film 
for aluminum and magnesium. 

Metallic coatings are generally preferred when there is 
rubbing on the coated surface because they are more wear 
resistant than other coatings. Proper cleaning of the sur- 
face is extremely important to obtain good adhesion of the 
coating. A variety of methods has been developed which 
will give a wide range of thicknesses and properties to 
the coatings when applied to metallic or nonmetallic 
articles. Some of the methods of obtaining metallic coat- 
ings are: 


1. Cementation, which is used mainly for the plating 
of noble metals such as silver, gold and platinum. The 
article, generally copper or copper coated, is placed in 
a solution containing the noble-metal ions. Copper goes 
into solution and the noble metal is deposited as a very 
thin adherent layer on the article. 

2. Immersion in liquid metal is used for relatively heavy 
coatings. The coating metal must have a lower melting 
point than the base metal. Coatings of zinc, tin, lead, cad- 
mium and aluminum are applied to steel by this method. 

3. Spraying of metal consists of feeding a ribbon or wire 
of the metal to be sprayed into a chamber where it is 
melted by an oxyacetylene flame and then. sprayed on the 
article by a blast of compressed air. As the sprayed metal 
impinges on the cold surface, the small globules are flat- 
tened and rapidly cooled. As successive layers are added, 
there is an interlocking effect between the flattened par- 
ticles. The deposited layer is porous in character and is 
generally weak and brittle. This process is widely used for 
resurfacing worn or undersized parts. 

4. Electroplating is used very extensively for protective 
and decorative effects. The part to be plated is made 
the cathode in a solution containing the ionized salt of 
the plating metal. The “throwing power” of a solution is 
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a measure of its ability to produce even coatings on all 
surfaces. The thickness of the coating is a function of 
current-density and time. At a given temperature, there 
is an optimum current density that will give good deposits. 
Increasing the temperature, with agitation of the solution, 
increases the plating rate by increasing the current den- 
sity. In some cases, hydrogen will also deposit on the 
cathode and embrittle the base material. This is especially 
true in cadmium plating. Here a low-temperature anneal- 
ing treatment is used to drive off the hydrogen. 

5. Cladding is a method of coating in which the cov- 
ering becomes an integral part of the material. Most clad- 
ding is done by rolling. Sheets of the cladding material 
are placed on either side of the core material and hot 
rolled. The heat and pressure under rolling weld the two 
materials together. Copper-clad steel can be produced by 
casting molten copper around a steel ingot and then hot 
rolling. Nickel-clad steel can be produced by welding a 
nickel plate to a steel billet. Sometimes the cladding is of 
the same base material as the core. This is true in alumi- 
num alloys which are clad with pure aluminum. 


Hardness 


Hardness is a comparative value between different mate- 
rials. It is interpreted in relation to the type of hardness 
test used. Considerable information may be derived from 
a hardness test, but it requires knowledge of the composi- 
tion and condition of the material as well as understanding 
of the factors that influence the accuracy of the test. Hard- 
ness testing is widely used for inspection and control. 

Heat treatment or cold working usually results in a 
change of hardness so that when the hardness resulting 
from treating a given material by a given process is estab- 
lished, it affords a rapid and simple means of inspection 
and control for the particular material and process. In the 
case of carbon steel, there is an approximate relationship 
between hardness and tensile strength. 

Types of Hardness. Elastic hardness is measured by a 
Scleroscope, which is a device for measuring the height 
of rebound from the surface of the test piece of a small 
diamond-tipped hammer after falling by its own weight 
from a definite height. The instrument usually has a self- 
indicating dial so that the height of rebound is automati- 
cally shown. When the hammer is raised to the starting 
position, it has a certain amount of potential energy. When 
it is released, this energy is converted to kinetic energy 
until it strikes the surface of the test piece. Some of the 
energy is absorbed in forming the impression and the rest 
is returned to the hammer for its rebound. Therefore, this 
test is a measure of the elastic properties or resilience of 
the test piece. 

The principal advantages of elastic methods are the 
small impressions which remain, the rapidity of testing, 
and portability of the instrument. However, results tend 
to be inaccurate unless proper precautions are taken. The 
tube must be perpendicular to the test piece, thin test 
pieces must be properly supported and clamped, the sur- 
face to be tested must be smoother than for other testing 
methods, and the diamond tip should not be cracked or 
chipped. 

Indentation hardness tests are usually performed by 
impressing into the specimen, which is resting on a rigid 
platform, an indenter of fixed and known geometry under 
a known static load, applied either directly or by means 
of a lever system. Depending on the type of test, the 
hardness is expressed by a number that is proportional 
either to the depth of indentation for a specified load and 
indenter, or to a mean load over the area of indentation. 
The three standard methods of making indentation hard- 
ness tests are: Brinell Hardness Test, Rockwell Hardness 
Test and Vickers Hardness Test. 
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Iron and Steel 


cubic y (gamma) iron, which is nonmagnetic. This phase 
remains until 1666 F is reached when the atoms again 
rearrange themselves to body-centered cubic a (alpha) iron 
which is still nonmagnetic. The space lattice remains the 
same down to room temperature. However, at 1414 F, a 


Crystal Structure 

Polymorphism is the ability of an element to exist in 
more than one type of space lattice in the solid state. The 
best known and most important example of this is iron. 
Figure 24 shows a typical cooling curve for pure iron 


showing different phase relationships under different con- 


ditions. 


When pure iron first solidifies at 2800 F it is body- 
(delta) iron. At 2554 F a phase change 
occurs; the atoms rearrange themselves to face-centered 


centered cubic 4 


Fe becomes ma 


gnetic. 


The temperature at which these changes occur is af- 


fected by the addition of alloying elements. The effect of 
carbon addition is shown in a portion of the iron-carbon 
equilibrium diagram in Fig. 25. 


Components of Iron-Carbon Phase Diagram 


interstitial solid solu- 
dissolved in vy (face 
centered cubic) iron. Maximum solubil- 
ity is 2 per cent at 2065 F (Point A, 
Fig. 25). Average properties are: tensile 
strength, 150,000 psi; elongation, 10 per 
cent; Rockwell hardness, C/40. It is nor- 
mally not stable at room temperature. 


Austenite is an 
tion of carbon 


Cementite or iron carbide is a typical 
hard and brittle interstitial compound 
containing 6.67 per cent carbon by 
weight. It is the hardest phase that ap- 
pears on the diagram. 


Ledeburite (Fig. 25) is a eutectic mix- 
ture containing 4.3 per cent carbon and 
is formed at 2065 F. It is an extremely 
fine mixture of austenite and cementite 
and does not exist at room temperature 
after slow cooling. It usually appears in 
rapidly cooled alloys (such as white cast 
iron) containing more than 2 per 
carbon. 


cent 


Ferrite is an interstitial solid solution 
of a small amount of carbon dissolved 
in a (body-centered cubic) iron. The 
maximum solubility is 0.025 per cent 
carbon at 1333 F, and it dissolves only 
0.008 per cent carbon at room tempera- 
ture. It is the softest constituent that 
appears on the diagram. Average prop- 
erties are: tensile strength, 41,000 psi; 
elongation, 40 per cent; hardness, less 
than Rockwell C/O. 


Pearlite is a eutectoid 
taining 0.80 per cent carbon and _ is 
formed at 1333 F on very slow cool- 
ing. It is an extremely fine mixture of 
ferrite and cementite. Average proper- 
ties are: tensile strength, 120,000 psi; 
elongation, 20 per cent; hardness, Rock- 
well C/20 

Eutectic reaction is the isothermal 
reversible reaction of a liquid that forms 
two different solid phases (in a binary 
alloy system) during cooling. A eutectic 
is the alloy composition that freezes 
at constant temperature under equilib- 
rium conditions, undergoing the eutectic 
reaction completely. 


mixture con 


Bainite is the resultant change in the 
pearlitic product which occurs on long 
reaction times while being exposed to 
temperatures between 1000 and 400 F. 
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Lower equilibrium critical temper 
ature line for hypo-eutectoid steels 
At this line austenite undergoes the 
eutectoid reaction on cooling to 
form pearlite. This reaction may 
be written in form of an equation 
as follows: 
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Fig. 24—Typical cooling curve for pure iron. 

The part of the diagram between 2800 F and 2554 F 
on the iron-rich side is known as the “delta” region. It is 
of little value commercially since all heat-treating and 
working processes are carried out below 2500 F. 

The steel portion of the equilibrium diagram is of 
greatest interest and the various changes that take place 
during very slow cooling from the austenite range will be 
discussed for a typical alloy. 

In the austenite range, this alloy (Alloy 1 in Fig. 25) 
consists of a uniform interstitial solid solution. Each grain 
contains 0.20 per cent carbon dissolved in the spaces of 
the face-centered cubic iron lattice structure. Upon cool- 
ing, the Ae, line is reached (point B) and ferrite starts 
to appear. Here the carbon starts to come out of solution 
and rearrangement of atoms to a body-centered cubic 
structure takes place. The carbon which comes out of 
solution in those areas that are changing to ferrite is dis- 
solved in the remaining austenite so that, as cooling pro- 
gresses and the amount of ferrite increases, the remaining 
austenite becomes richer in carbon. As cooling proceeds, 
the carbon content of the remaining austenite moves down 
along the A., line so that when the Av, (eutectoid tem- 
perature) line is reached the remaining austenite, about 
25 per cent of the total material (containing 0.8 per cent 
C), now experiences the eutectoid reaction to form pearl- 
ite. The carbon comes out of solution as cementite (iron 
carbide) and the remaining iron atoms rearrange them- 
selves to form ferrite. This is done by alternate precipita- 
tion of the carbide and ferrite to give a very fine mixture 
which usually resembles a fingerprint. The miscrostruc- 
ture remains substantially the same down to room tem- 
perature and consists of approximately 75 per cent free 
ferrite or pro-eutectoid ferrite (formed between the A. 
and A.; lines) and approximately 25 per cent pearlite 
(formed from austenite at the Ac, line). (Fig. 26, left.) 
The slow cooling of any other hypo-eutectoid steel will 
be the same except for the quantity of ferrite and pearlite. 
The closer the carbon content is to the eutectoid compo- 
sition (0.8 per cent C), the more pearlite will be present 
in the microstructure. (See Fig. 26, right.) 


Heat Treatment 


All basic heat-treating processes for steel involve the 
transformation or decomposition of austenite. The nature 
and appearance of these transformation products deter- 
mine the physical properties of any given steel. 

Full Annealing. Annealing processes are generally ap- 
plied to refine the grain or homogenize the structure, 
particularly after casting; to make the steel soft and ductile 
in ordes to facilitate forming; and, in some cases, to im- 
prove -machinability. Annealing is usually carried out by 
heating the steel to the proper temperature and slow- 
cooling in the furnace until all the austenite has been 
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transformed. Since the entire mass of the furnace must 
be cooled down along with the piece, annealing is a very 
slow cooling process and therefore comes closest to fol- 
lowing the equilibrium diagram. There is a special anneal- 
ing treatment for high carbon steels which improves their 
machinability. The treatment is known as “spheroidize 
annealing.” This process is usually carried out by slow 
cooling through the critical range and then holding just 
below the lower critical temperature (between 1200-1300 
F), or by heating and cooling alternately between tem- 
peratures that are just above and just below the lower 
critical temperature. This treatment allows the carbide to 
assume the form of round particles (spheroids) instead 
of plates as in pearlite. This structure not only gives good 
machinability but also maximum ductility. 

Normalizing. The normalizing of steel is carried out by 
heating (100-200 F) above the upper critical temperature 
(Ac, or A,,,), soaking, and then air-cooling. The purpose 
of normalizing is to refine the grain and homogenize the 
structure. Since the steel will have good strength, it may 
be used as a final heat treatment. 

The effect of increasing the cooling rate, as compared 
to equilibrium cooling, has a two-fold effect on the re- 
sultant microstructure of annealed and normalized steels. 

Due to the increase in the cooling rate, less time is 
allowed for the formation of the pro-eutectoid constituent 

ferrite in hypo-eutectoid steels and cementite in hyper- 


Fig. 26—(Left) Micrograph of 0.20 per cent carbon steel, slow 
cooled (100x). Light areas are proeutectoid ferrite, dark areas 
are pearlite. (Right) 0.50 per cent carbon steel, slow cooled 
(100x). Light areas are proeutectoid ferrite, dark areas are 
pearlite. 


Table Xll—Mechanical Properties of Normalized 
and Annealed Steels* 


Yield Tensile | Elonga- 

point, | strength, tion, 
Per cent psi psi 
carbon (1000) (1000) 


Reduc- 

tion in 

per cent area, Brinell 
in 2 in. | per cent | hardness 


Normalized 
(hot rolled 
steel) 
0.01 45 ; 90 
0.40 ’ 85 165 
0.80 134 260 
1.00 152 295 
1.40 148 300 


Annealed 
0.01 41 90 
0.40 75 145 
0.80 115 220 
1.00 s 108 195 
1.40 50 99 215 


*Source: Brick and Phillips, Structure and Properties of Alloys, McGraw-Hill 
Book Co., New York, 
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Fig. 27—Difference in pearlitic structure due to annealing and 
normalizing. 
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Fig. 28—Relationship of maximum hardness to carbon content. 


eutectoid steels. Therefore, more pearlite will appear in a 
normalized steel as compared to an annealed structure. 
The increase in cooling rate lowers the temperature at 
which austenite will transform and the resultant pearlite 
structure will be finer. Thus the alternate plates of ce- 
mentite, in pearlite, will be closer together. (Fig. 27.) 
Che net effect is that normalizing produces a finer and 
more abundant pearlitic structure than is obtained by an- 
nealing. This results in a harder and stronger steel, Table 
XH. 

Hardening. Under slow or moderate cooling rates, the 
carbon atoms are able to diffuse out of the austenite struc- 
ture. The iron atoms then move slightly to become body- 
centered cubic. As the cooling rate increases, the pearlitic 
structure becomes finer and less lamellar until it is so fine 
that the ferrite and cementite cannot be resolved under 
the optical microscope. With a still further increase in 
cooling rate, insufficient time is allowed for the carbon to 
diffuse out of solution and, although some movement of 
the iron atoms takes place, the structure cannot become 
body-centered cubic while the carbon is trapped in solu- 
tion. The resultant structure, called martensite, is a super- 
saturated solid solution of carbon trapped in a body-cen- 
tered tetragonal structure. 

Two dimensions of the structure are equal, but the third 
is slightly expanded due to the trapped carbon. Martensite 
is very hard and brittle due to this distorted condition 
and since the atoms are less densely packed than in aus- 
tenite, an expansion occurs during transformation. The 
“critical cooling rate” is the minimum cooling rate (deg/ 
sec) at which a steel must be cooled to form martensite 
or to completely harden. 

The maximum hardness obtainable from a steel is largely 
a function of carbon content, as shown in Fig. 28. Thus 
it is apparent that both temperature and time are impor- 
tant factors in the transformation of austenite. Since aus- 
tenite is unstable below the critical temperature, it is neces- 
sary to know, at a particular sub-critical temperature, how 
long it will take for the austenite to start to transform, 
how long it takes to be completely transformed, and what 
will be the nature of the transformation product. 

An increase in austenitic grain size or an increase in 
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alloy content (with few exceptions) always retards iso- 
thermal transformation (moves the curve toward the right) 
at any temperature higher than the “nose” of the begin- 
ning curve. (See Fig. 29.) This retardation is reflected in 
a reduction of the critical cooling rate of the steel, making 
it easier to avoid the formation of a softer product. This 
retardation is also reflected in the greater hardenability 
of steel with higher alloy content or larger austenitic grain 
size. It is generally recognized that response of a steel to 
any specified heat treatment which involves transforma- 
tion of austenite is largely, if not entirely, determined by 
factors which influence the time required for isothermal 
transformation, and hence the shape and position of the 
curves of the I-T diagram. 

The actual structure, hardness and strength resulting 
from a heat-treating operation is determined by the actual 
cooling rate obtained by the quenching process. If the 
actual cooling rate (ACR) exceeds the critical cooling 
rate (CCR), martensite will result. If the ACR is less 
than the CCR, the part will not be completely hardened. 

Increase in the hardenability or depth of penetration 
of the hardness may be accomplished by either of two 
methods. The first is to slow up the critical cooling rate 
(shift the I-T curve to the right) by the addition of alloy- 
ing elements, and the second is to increase the actual cool- 
ing rate by going to a faster quenching medium. Since 
increasing cooling rates increase the danger of distortion 
and cracking, the first method is more popular. 


Hardenability 


The usual method of specifying steel is on the basis of 
chemical composition. For example, A.1.S.I. 4340 steel 
has the following chemical composition limits: carbon, 
0.38/0.43; manganese, 0.60/0.80; silicon, 0.20/0.35; 
nickel, 1.65/2.00; chromium, 0.70/0.90; and molybdenum, 
0.20/0.30. This variation in chemical composition within 
a particular grade will cause a variation in the critical 
cooling rate and in turn a variation in the response of 
the steel to heat treatment. Since strength is the primary 
factor in design, unless special properties are desired, it 
would seem more economical to base the material speci- 
fication on the response to heat treatment (hardenability) 
rather than on the chemical composition. 

Although hardenability is usually expressed in terms of 
hardness changes, it is the microstructural changes re- 
flected by those hardness values which are of importance 
to the properties of steel. Since alloying elements in gen- 
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Fig. 29—Isothermal transformation of O5 Cr-04 C_ steel 
austenitized at 1600 F, grain size, 5-6. Source: Republic Steel 
Corp. 
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eral retard transformation in the pearlite and bainite re- 
gions, their addition to steel permits the formation of 
martensitic microstructures with slower rates of cooling. 
Alloy steels, therefore, can be heat treated to the desirable 
martensitic microstructure in heavy sections. Some alloy- 
ing elements are more potent than others. Of the com- 
monly used elements, manganese and molybdenum are 
most effective in increasing hardenability; chromium comes 
next; nickel and silicon are least effective. 


Tempering 


In the quenched, martensitic condition the steel is too 
brittle for most applications. Therefore, hardening is 
almost always followed by tempering which consists of 
heating the steel to some temperature between 200 F 
and 1200 F in order to restore some ductility and tough- 
ness to the material. This increase in ductility and tough- 
ness is unfortunately attained at the sacrifice of the hard- 
ness and strength. Martensite, as defined previously, is a 
supersaturated solid solution in which the carbon is trapped 
in a body-centered tetragonal structure. As heat is applied 
by tempering, the carbon will gradually come out of solu- 
tion as carbide and the iron will become body-centered 
cubic. The decrease in hardness is only slightly retarded 
by low alloy content, but as the amount of alloying ele- 
ments increases, the hardness does not decrease as rapidly 
with an increase in tempering temperature. This is prob- 
ably due to the formation of complex alloy carbides. There 


Table Xili—Specific Effects of Alloying Elements 
Solid solubility 


In alpha 


iron 


In gamma 


Element iron ferrite 


Aluminum 11% Hardens 
(increased 


by C) 


36% 


tion 


Influence on 


consider- 
ably by solid solu- | ity 


may also be secondary hardening effects due to the trans- 
formation of any retained austenite. 

When toughness is measured by the notched-bar test 
(Izod, Charpy or keyhole specimen), most steels show a 
decrease in toughness in the range between 400 F and 
700 F. This is known as the “temper brittleness” range 
and is usually avoided in heat treatment. This term is actu- 
ally a misnomer since it is only the notched-bar toughness 
which decreases while the ductility increases. Steels for 
most industrial applications require high strength and are 
tempered below 400 F; or they may require high tough- 
ness and are tempered above 700 F. If the part does not 
have any “stress raisers” or notches, then the change in 
ductility may be a better indication of toughness than 
the notched-bar test and heating into the “temper brittle- 
ness” range may not be detrimental. 

As a result of a great many precise determinations, 
there has been shown to be a Statistical relation between 
tensile strength and Brinell hardness. 


Austempering 


This is a heat treating process developed to obtain a 
structure which is 100 per cent bainite. It is accomplished 
by first heating the piece to the proper austenitizing tem- 
perature and then cooling rapidly in a salt bath held in 
the bainite range (usually between 400 F to 700 F). The 
piece is left in the bath until the transformation to bainite 
is complete. 


in Steel* 


Influence exerted through carbide 


Carbide- 
forming 
tendency 


Action 
during 
tempering 


Influence on 
austenite 
(hardenability) 


Negative 
(graphitizes) 


Increases hardenabil- 
mildly, if dis- 
solved in austenite 


Chromium 


Cobalt 


Manganese 


Molybdenum 


Phosphorus 


Silicon 


Vanadium 


12.8% 
(20% with 
0.5% C) 


Unlimited 


Unlimited 


3% + 
(8% with 
0.3% C) 


Unlimited 


0.5% 


2% + 
(9% with 
0.35% C) 


1% (4% 
with 0.20% 
C) 


Unlimited 


37.5% (less 
with lowered 
temperature) 


10% 
(irrespective of 
carbon content) 


2.8% 
(irrespective of 
carbon content) 


18.5% (not 


much changed 
by carbon) 


Unlimited 


Hardens slightly; in- 
creases corrosion re- 
sistance 


Hardens consider- 
ably by solid solu- 
tion 


Hardens markedly; 
reduces plasticity 
somewhat 


Provides age-harden- 
ing system in high 
Mo-Fe alloys 


Strengthens and 
toughens by solid 
solution 


Hardens strongly by 
solid solution 


Hardens with loss 
in plasticity 


(Mn <Si<P) 


Hardens moderately 
by solid solution 


Increases hardenabil- 
ity moderately 


Decreases harden- 
ability as dissolved 


Increases hardenabil- 
ity moderately 


Increases hardenabil- 
ity strongly 
(Mo>Cr) 


Increases hardenabil- 
ity mildly, but tends 
to retain austenite 
with higher carbon 


Increases harden- 
ability 


Increases hardenabil- 
ity moderately 


Increases hardenabil- 
ity very strongly, as 
dissolved 


Greater than 
Mn, 
less than W 


Similar to Fe 


Greater than 
Fe, 
less than Cr 


Strong, greater 
than Cr 


Negative 
(graphitizes) 


Negative 
(graphitizes) 


Very strong 
(V <Ti or Cb) 


Mildly resists soft- 
ening 


Sustains hardness 
by solid solution 


Very little, in 
usual percentages 


Opposes softening 
by secondary hard 
ening 


Very little in small 
percentages 


Sustains hardness 
by solid solution 


Maximum for sec- 
ondary hardening 


*Soupoe: Metals Handbook, 1948 Ed., American Society for Metals. 
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The outstanding feature of austempered parts is the 
unusual toughness obtained as compared to the conven- 
tional quench and tempered steel of the same hardness, 
particularly in the hardness range of R/C 45 to R/C 55. 

The primary limitation of austempering is the cross- 
sectional size, since the part must be quenched fast enough 
to exceed the critical cooling rate. Therefore, most 
applications have been in sections less than '% in. thick. 


Martempering 


Martensite is a less dense structure than austenite and 
therefore an expansion results from the austenite to mar- 
tensite phase change. Distortion and cracking resulting 
from heat treatment are due to the nonuniform dimen- 
sional changes which occur during cooling. These are 
caused by the temperature gradient in the piece and by 
the phase change. 

Martempering is a method of reducing the magnitude 
of these stresses. It is carried out by heating to the proper 
austenitizing temperature and quenching rapidly in a 
liquid salt bath held just above the Ms temperature for 
a period of time. This allows the surface and center to 
reach the same temperature, and is then followed by air 
cooling to room temperature. Since the austenite will 
transform to martensite during the air cooling, the mar- 
tensite will be formed at nearly the same time throughout 
the piece and will result in a minimum of residual stress 
with less danger of cracking. 


Principal functions 


Deoxides efficiently 
Restricts grain growth (by forming dispersed oxides or ni- 
trides) 

. Alloying element in nitriding steel 


Increases resistance to corrosion and oxidation 
2. Adds some strength at high temperatures 


. Resists abrasion and wear (with high carbon) 


Contributes to hardness 


Increases hardenability inexpensively 


Raises grain-coarsening temperature of austenite 
Deepens hardening 
3. Raises creep strength 
Enhances corrosion resistance in stainless steel 
. Forms abrasion-resisting particles 


. Strengthens unquenched or annealed steels 
. Renders high-chromium iron alloys austenitic 


Increases resistance to corrosion 
Improves machinability in free-cutting steels 


. Alloying element for electrical and magnetic sheet 
Improved oxidation resistance 


Increases hardenability of steels carrying nongraphitizing 


elements 


Elevates coarsening temperature of austenite (promotes fine 


grain) 
Increases hardenability 


MAY 1959 


nium 


s 4 4. 4 4 4 
8 \( 2 4 t i8 
cent alloying element in a iron 
Fig. 30—Probable hardening effects of the various elements as 
dissolved in pure iron. Source: American Society for Metals. 


Effect of Alloying Elements in Steel 


Characteristic properties of an alloy steel stem from 
some element other than carbon. Alloying elements are 
added to steels for special purposes. They can improve 
physical properties at low or high temperatures, improve 
strength at room temperature, give greater toughness by 
inhibiting grain growth, or increase hardenability. They 
may also increase wear resistance or cutting capacity, 
improve machinability, increase corrosion resistance, or 
give special magnetic properties. 

Alloying elements in steel may be classified into two 
groups. Group I elements are soluble only in ferrite or a 
iron (Ni, Si, Co, Al). Group II elements combine with 
carbon to form simple or complex carbides (V, Mn, Mo, 
Cr, W; Ti). 

The carbide-forming tendency of the elements in group 
II is evidenced only when there is a significant proportion 
of carbon present. In the absence of sufficient carbon, 
these elements are soluble in a iron and tend to act as 
group I elements. 


0.35% carbon 


Fig. 31—Effect of chromium content on softening with increas- 
ing tempering temperature of a quenched 0.35 per cent carbon 
steel. Source: American Society for Metals. 
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Elements soluble in a iron increase the hardness and 
strength of the ferrite in accord with the general prin- 
ciples of solid solution hardening, Fig. 30. The hardening 
effect of the dissolved element is actually small and il- 
lustrates how relatively little is the contribution of the 
strengthening of the ferrite to the overall strength of the 
steel. A mass of finely distributed small particles (car- 
bides) may strengthen the steel more than a large amount 
of dissolved element. 

The presence of elements that form carbides influences 
the hardening temperature and soaking time. Complex 
carbides formed by alloying elements are slow to dissolve 
and tend to remain out of solution in the austenite. This 
serves to lower the carbon and alloy content below that of 
the steel as a whole. Nondissolved carbides also act to 
reduce grain growth. Both effects tend to reduce harden- 
ability. When dissolved in austenite, the carbide-forming 
elements are very powerful deep-hardening elements. 


Aluminum and 


Properties 


Aluminum is light in weight, has good malleability and 
formability, high corrosion resistance, and high electrical 
and thermal conductivities. It is highly reflective to both 
heat and light, is nontoxic, nonmagnetic and nonsparking. 

Pure aluminum has a tensile strength of about 13,000 
psi. However, substantial increases in strength are ob- 
tained by cold working or alloying and subsequent heat 
treatment. Some alloys, properly heat treated, approach 
tensile strengths of 100,000 psi. 

Although the conductivity of electric-conductor (EC) 
grade of aluminum is about 62 per cent that of copper, 


The addition of aluminum tends to form a fine disper- 
sion of minute nonmetallic particles of Al,O, which results 
in a finer austenitic grain size. The martensite formed from 
finer austenitic grains is somewhat tougher than that 
formed from coarse austenite and this extra toughness 
tends to persist through moderate tempering. 

The elements that remain dissolved in ferrite (such as 
nickel, silicon and, to some extent, manganese) have very 
little effect on the hardness of tempered steel. The com- 
plex carbide-forming elements such as chromium, tung- 
sten, molybdenum and vanadium, however, have a very 
noticeable effect. They require a higher tempering tem- 
perature to produce softening and, with high alloy con- 
tent, they may actually produce an increase in hardness 
with increasing temperature. The effect of increasing 
chromium content is illustrated in Fig. 31. The specific 
effects of the alloying elements in steel are summarized 
in Table XIII. 


Aluminum Alloys 


its light weight makes it more suitable as an electrical con- 
ductor for many industrial applications. The nonmagnetic 
characteristic makes aluminum useful for electrical shield- 
ing purposes such as bus-bar housings or enclosures for 
other electrical equipment. 

The high light and heat reflectivity of aluminum make 
it suitable for use in lighting fixtures and as thermal 
shielding. 

One of its most important characteristics is the ease 
of machining and workability. It can be cast by any 
known method, rolled to any desired thickness, stamped, 
drawn, spun, hammered, forged and extruded in almost 
any conceivable shape. 


Temper Designation System for Aluminum Alloys 


The standard temper designation sys * H2 (strain hardened and partially 


the product, are indicated by adding one 
or more digits to the basic designation. 


tem consists first of a letter indicating 
the basic temper. Except for the an- 
nealed and as-fabricated tempers, it is 
more specifically defined by the addi- 
tion of one or more digits. There are 
four basic tempers, F, O, H and T: 


F (as-fabricated). Result of normal 
manufacturing operations. There is no 
guarantee of mechanical properties. 


O (annealed, recrystallized). This is 
the softest temper of wrought alloy 
products. 


H (strain hardened). This applies to 
products which have their mechanical 
properties increased by cold working 
only. The “H” is always followed by 
two or more digits. The first digit indi- 
cates the specific combination of basic 
operations and the following digit or 
digits the final degree of strain harden- 
ing, and may be subdivided as follows: 


* HI (strain hardened only). The 
second digit designates the amount of 
cold work performed, with the digit 
8 representing the fully hard condi- 
tion. Therefore half hard is H14; quar- 
ter hard, H12, etc. Extra-hard tempers 
are designated by the second digit 9. 


annealed). Applied to products that 
are cold worked to a harder temper 
which then have their strength re- 
duced to the desired level by partial 
annealing. The residual amount of 
cold work is designated by the same 
method as the H1 series. 


* H3 (strain hardened and then sta- 
bilized). This treatment is applied to 
alloys containing magnesium, which 
are given a low-temperature heating 
to stabilize their properties. The de- 
gree of strain hardening is indicated 
in the usual way by one or two fol- 
lowing digits. 


W (unstable condition following solu- 
tion heat treatment). This designation, 
because of natural aging, is specified 
only when the period of aging is indi- 
cated—for example, 2024-W (1/2 hr). 

T (heat treated to produce stable tem- 
pers other than F, O, or H). Applied 
to products thermally treated with or 
without supplementary strain hardening. 
The T is followed by the numerals 2 to 
19, inclusive, designating a specific com- 
bination of basic operations. Deliberate 
variations of the conditions, resulting in 
significantly different characteristics for 


These added digits do not indicate any 
specific set of conditions. 
* T2—Annealed (cast products only). 
* T3—Solution heat treated and cold 
worked; naturally aged to substan- 
tially stable condition. 
* T4—Solution heat treated and nat- 
urally aged to a substantially stable 
condition. 
* T5—Artificially aged only, without 
prior solution heat treatment. 
* T6—Solution heat treated and then 
artificially aged. 
* T7—Solution heat treated and then 
stabilized. The temperature and time 
conditions for stabilizing are such 
that the alloy is carried beyond the 
point of maximum hardness, provid- 
ing control of growth and/or residual 
stress. 
* T8—Solution heat treated, cold 
worked and then artificially aged. 
* T9—Solution heat treated, artificial- 
ly aged, and then cold worked. 
* T10—Artificially aged and then 
cold worked. Applies at present only 
to castings. 
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Table XiV—Designations for Aluminum Alloy 
Groups* 


Major alloying elements 


(99.00 per cent minimum) - 1 xxx 
Copper XXX 
Manganese 3 Xxx 
Silicon | XXX 

major Magnesium 5 xxx 

alloying Magnesium and silicon XXX 

elements Zinc XXX 

Other elements XXX 


AA No. 


Aluminum 


Alloys 
grouped by 


*Source: Aluminum Association. 


Alley and Temper Designation System 


The designations of wrought aluminum and wrought 
aluminum alloys have been standardized by the Aluminum 
Association. These follow a four-digit numbering system 
(Table XIV). The first digit indicates the alloy group; 
the second digit indicates modification of the original alloy 
or impurity limits; and the last two digits identify the 
aluminum alloy or indicate the aluminum purity. 


Effect of Alloying Elements 


The 1000 series consists of 99 per cent minimum of 
aluminum, with iron and silicon as the major impurities. 
These alloys are characterized by excellent corrosion re- 
sistance, excellent malleability, high thermal and electrical 
conductivity, and low mechanical properties. 

In the 2000 series, copper is the principal alloying ele- 
ment. These alloys give high strength after solution heat- 
treatment and natural or artificial aging. Since these alloys 
do not show as good a corrosion resistance as other 
aluminum alloys, they are usually clad to improve this 
property. 


Manganese is the principal alloying element in the . 


Copper and 


Copper has very high electrical and thermal conduc- 
tivity, good mechanical properties, high ductility and mal- 
leability, and good corrosion resistance. 

Brasses (alloys of copper and zinc) are the most eco- 
nomical and widely used of the copper alloys. The brasses 
range from 95 per cent Cu-5 per cent Zn to about 55 
per cent Cu-45 per cent Zn. Zinc is soluble in copper up 
to about 36 per cent, so that alloys containing more than 
64 per cent copper consist of a single phase, the alpha 
solid solution. They are known as alpha brasses. Brasses 
containing less than 64 per cent copper and up to about 
54 per cent copper consist of a mixture of two phases, 
alpha and beta solid solutions. These are known as beta 
brasses. 

Since the alpha solid solution is face-centered cubic, 
the alpha brasses are very ductile. They can withstand a 
great amount of cold working without annealing. In addi- 
tion, they show a higher strength than pure copper due 
to solid solution hardening and an expected decrease in 
thermal and electrical conductivities. Electrical conduc- 
tivity and corrosion resistance, as compared to pure cop- 
per, decrease with a decrease in copper content. 

The color of the alpha brasses varies from the red gold 
of the high copper alloys to bright yellow at about 62 per 
cent copper. 


Phosphor Bronze 
The alloys of copper and tin are known as tin bronzes 
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3000 series. The most popular, 3003, is widely used as 
a general-purpose alloy for moderate-strength applications 
requiring good workability. 

Silicon is the principal alloying element in the 4000 
series. The addition of silicon lowers the melting point 
of the alloy wthout producing brittleness and it is therefore 
used in welding and brazing. 

In the 5000 series, magnesium is the principal alloying 
element. These alloys give moderate-to-high strength, are 
non-heat-treatable and have good resistance to marine 
corrosion. 

The 6000 series contain magnesium and silicon in the 
right amounts to form magnesium silicide, thus becoming 
heat treatable. They have medium strength, good form- 
ability and corrosion resistance. 

In the 7000 series, zinc is the principal alloying ele- 
ment, yielding heat-treatable alloys of very high strength. 


Joining 

Aluminum is readily weldable if three factors are 
thoroughly understood: the metal has a fairly low melting 
point (1220 F) and many aluminum alloys melt at even 
lower temperatures—care must therefore be exercised not 
to melt away parts which are to be welded; the tough 
oxide film present on aluminum must be removed chem- 
ically, electrically or mechanically in order to obtain a 
suitable bond during welding; and, since aluminum loses 
strength rapidly with increasing temperature, parts to be 
welded must be properly supported to prevent distortion. 

The two general processes most suitable for welding 
aluminum are the fusion and resistance methods. Alloys 
1100, 3003, 3004, 5050, 5052, 6061, and 6063 can be 
successfully fusion or resistance welded while all other 
alloys can be welded by resistance methods. All the non- 
treatable aluminum alloys may be readily joined by braz- 
ing, using furnace, dip or torch methods. Of the heat- 
treatable alloys, brazing is confined to 6061 and 6063 
alloys. 


Copper Alloys 


and contain up to 10 per cent tin. Compared to the brasses, 
these alloys are more expensive, have better corrosion re- 
sistance, are stronger, harder and more abrasion resistant 
However, they have inferior working properties. Most of 
the commercial tin bronzes contain one or more of the 
elements phosphorus, zinc, lead, or nickel. The addition 
of phosphorus deoxidizes molten bronze before casting, 
promotes fluidity in the molten alloy and soundness in the 
castings. In greater amounts (up to | per cent), there is 
a definite improvement in tensile strength at elevated 
temperatures. There is also greater toughness, hardness and 
corrosion resistance. Zinc is used to replace part of the tin 
in tin bronzes to improve toughness and castability. The 
addition of lead will improve machinability and wear- 
resistance, but lowers toughness and strength at elevated 
temperatures. Bearing bronzes may contain as much as 
25 per cent lead. The addition of about | per cent nickel 
seems to give a moderate increase in mechanical properties 


Other Copper Alloys 


The copper-aluminum alloys usually contain 4 to 13.5 
per cent aluminum and up to 4.5 per cent iron. They are 
characterized by high strength, ductility, resistance to fa- 
tigue and shock, and good corrosion resistance. They are 
inferior to brass in castability and are more difficult to 
machine. 

The copper-silicon alloys have up to 3 per cent silicon, 
added chiefly for strength. They have good corrosion re- 
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sistance but poor thermal and electrical conductivity. 
Copper combined with silicon and aluminum has high 
strength, free machining properties and good corrosion 
resistance. 

[Ihe copper-beryllium alloys, containing up to 2 per 
cent beryllium, may be strengthened by age hardening. The 


Zine and 


Zine can be easily worked into various shapes and forms 
by common fabricating methods. Pure zinc has a recrystal- 
lization temperature which is below room temperature so 
that it “self-anneals” and cannot be work hardened. How- 
ever, the presence of natural impurities or added elements 
raises the recrystallization temperature. Therefore, the less 
pure grades will show an increase in hardness and strength 
with working. 

For deep-drawing purposes a relatively pure zinc should 
be used. Where rigidity is required, some lead and cad- 
mium are added. For stiffness, alloys containing from 
0.85 to 1.25 per cent copper are recommended. 

Zinc and zinc alloys have excellent resistance to at- 


beryllium bronzes are the hardest and strongest of the 
copper-base alloys and, after artificial aging, yield mechan- 
ical properties that approach those of heat-treated steels. 

The cupro-nickels and “nickel silver” (Cu-Zn-Ni) alloys 
are noted for their strength and excellent corrosion re- 
sistance. 


Zine Alloys 


mospheric corrosion. Composition has little effect on 
the corrosion rate. In strongly acid and alkaline solutions, 
the corrosion rate is more rapid than under atmospheric 
conditions. 

Zinc alloys may be cast by die casting, sand casting, 
slush casting, and permanent-mold casting methods. Die 
casting is most popular because of the facility with which 
intricate castings can be produced in large amounts 
cheaply. 

Wrought zinc is easily soldered. However, welding re- 
quires more care because of the low melting point and 
tenacious character of the oxide. Zinc die castings can be 
soldered or welded, but soldered joints have low strength. 


Precious and Rare Metals 


The precious metals group includes gold, silver, plati- 
num, palladium, iridium, osmium, rhodium and ruthenium. 
[he group is characterized by softness and very high cor- 
rosion resistance, particularly to oxidation at elevated 


temperatures (see Table XXV). They are widely used in 
electrical contacts. 

Silver and Silver Alloys. Silver has the highest electrical 
and thermal conductivity of all the contact materials. The 


Table XV—Properties of the Precious and Rare Metals 


Elonga- 
tion, 
per 
cent 


Yield 
strength, 
psi 


Tensile 
strength, 
psi 


Metal Condition 


Silver Annealed 22,900 7990 48 


Gold Annealed 19,000 45 


Hard- 


ness* 


27 
VPH 


25 


Modulus'| Electrical 
of resistiv- 

elastic- ity, 
ity, microhm- 


10° psi Applications 


Used in electrical devices and brazing and 
bearing alloys 


11.3 


Electrical and brazing alloys 


11.6 


BHN 


Platinum Annealed 18,000 25-40 


Palladium Annealed ,000 30 


Rhodium Annealed ,000 


Beryllium 26 , 400 


Cast, 
forged, 
annealed 
Molybdenum _— Hot rolled 
bar 

Cold rolled 
sheet 


, 100 99 , 800 


,300 | 151,800 


Tantalum Annealed 


wire 


,000 


Tungsten Swaged ,000 


Zirconium Annealed 36 ,000 16,000 26 


* Hardness VPH Vickers pyramid hardness; 


Metals Handbook, pp 1110-1144. 


BHN 


Brinell hardness 


Source 


144 


39 VPH 
38 VPH 


125 
VPH 


97-14 
BHN 


420 
BHN 


30 R/B 


numbe 


21.3 Thermocouples and electrical contacts 


16-17.5 Used in electrical contacts 


42.5 High, uniform reflectivity —- plated on pal- 
ladium for electrical contacts, alloying ele- 
ment with platinum for thermocouples 
36.8 Alloying element in copper, aluminum or 
magnesium base alloys 


Alloying element in steel and cast iron; 
vacuum tubes, X-ray target, contacts, 
switches, glass-metal seals, welding elec- 
trodes 

Rectifier element for a-c anode and grid 
element in vacuum tubes 


Filaments in lamps, electrical contacts; 
alloying element in ferrous and cobalt base 
alloys 


60 


11.4 41 Gas absorber in vacuum tubes 


r; R/B, R/C, R/G Rockwell hardncss seales 
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oxides of silver decompose at relatively low temperatures 
due to arcing, reverting to metallic silver and thus main- 
taining low contact resistance. Fine silver is used for sensi- 
tive-eontacts under light and intermediate pressure. They 
operate satisfactorily if current and voltage do not become 
excessive. The principal disadvantages of silver are its low 
hardness, low melting point, tendency to form sulfide films, 
and tendency to build up on one electrode under excessive 
current conditions. These disadvantages are minimized by 
the addition of alloying elements, principally copper, cad- 
mium, zine, nickel, manganese, platinum, palladium and 
iron. The effect of alloying is to increase hardness, raise 
the melting point, reduce material loss or transfer, increase 
resistance to welding or sticking, increase resistance to 
erosion by arcing, and increase corrosion resistance. 
Platinum, Palladium and Gold. The outstanding property 
of the alloys in this group is their corrosion resistance to 
surrounding atmospheres and the surety of making contact 
under light pressures. The metals are able to maintain low 
contact resistance over long periods due to their resistance 
to oxidation at the high local temperatures reached in arc- 
ing. Since these metals are soft, they are rarely used in 
the pure form. They are alloyed to obtain higher hardness 
without undue sacrifice of corrosion resistance or surface- 
contact resistance. The most common alloying elements 
are iridium, ruthenium, osmium, rhodium and _ silver. 
Copper, nickel and iron are also used as alloying elements. 
Tungsten and Molybdenum. Tungsten and molybdenum 
have the unique property of high resistance to arc erosion 
along with very high melting points, high boiling points, 
and high resistance to welding and pitting. They are used 
in applications requiring high contact pressures and 
where the contracts have to operate frequently or continu- 


Nickel and 


Nickel is characterized by good resistance to corrosion 
and oxidation. It is white in color, has good workability 
and good mechanical properties. It forms tough and ductile 
solid solution alloys with many of the common metals. 

Because of its high corrosion resistance and hardness, 
nickel makes an ideal coating for parts subjected to cor- 
rosion and wear. Although nickel is often given a flash 
coating of chromium to increase wear resistance, most of 
the corrosion protection is due to the heavy nickel under- 
coat. 


Alloys 

Duranickel is an age-hardenable, high nickel-aluminum- 
titanium alloy. With proper heat treatment, it will attain 
greater hardness and strength than “K” Monel. 

Permanickel is an age-hardenable, high-nickel alloy hav- 
ing good mechanical properties and corrosion resistance 
similar to Duranickel. In addition, good electrical and 
thermal conductivity is present. Its resistance to softening 
at elevated temperatures is somewhat inferior to Dura- 
nickel and should be used in place of Duranickel only in 
applications where higher electrical conductivity and mag- 
netic properties are essential. 

The most common alloying elements in nickel are cop- 
per, iron, chromium, silicon, manganese, molybdenum and 
aluminum. Copper is completely soluble in nickel and is 
added to increase formability, decrease cost and still 
retain the corrosion resistance of nickel. 

Monel is the most important of the nickel-copper alloys, 
containing approximately °. nickel and '% copper. 
Monel has high corrosion resistance to acids, alkalines, 
brines, waters and the atmosphere. It has mechanical 
properties higher than those of the brasses and bronzes, 
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ously. The chief disadvantage of tungsten and molybdenum 
is their tendency to form oxides, particularly where severe 
arcing takes place. In some applications these disadvan- 
tages may be overcome by using very high contact pres- 
sures, by incorporating a wiping action in the contacts, or 
by use of protective circuits to suppress excessive arcing. 


Powder Metallurgy Compacts 

Silver and tungsten do not alloy with each other by the 
ordinary process of melting and casting. These metals, 
however, may be combined by using the techniques of 
powder metallurgy to produce alloys which are homo- 
geneous and have high physical properties. It is thus pos- 
sible to take advantage of the high electrical conductivity 
of silver or copper and the high arc resistance of tungsten 
or molybdenum. These materials are designed to operate 
under conditions of heavy current and voltage and are 
also frequently used in low-current, high-frequency ap- 
plications. 

Typical combinations in this group are: silver-tungsten, 
silver-molybdenum, silver-tungsten carbide, silver-molyb- 
denum carbide, copper-tungsten, and copper-tungsten 
carbide. Other compositions are manufactured by powder 
metallurgy to take advantage of the high electrical con- 
ductivity of silver and copper, and the semi-refractory 
properties of cadmium oxide, iron, graphite and nickel. 

Many of these compositions can be produced in strip 
and wire form and may be drilled, rolled, swaged, drawn, 
formed, bent and extruded without difficulty. They may be 
used as replacements for fine silver or silver alloys in some 
applications, since they give greater resistance to sticking 
and welding, have improved mechanical properties, and 
possess greater resistance to electrical erosion. 


Nickel Alloys 


but lower than alloy steels. It also has good toughness and 
fatigue strength and finds considerable use in elevated- 
temperature applications. It does not oxidize at a destruc- 
tive rate below approximately 1000 F and, for some appli- 
cations, may be used at temperatures up to 1500 FP. 

Inconel is a nickel-chromium-iron alloy able to withstand 
temperatures up to 2200 F. It is nonmagnetic and has good 
fatigue strength. The high chromium content makes it 
superior to pure nickel under extreme oxidizing conditions. 
Che high nickel content enables it to retain considerable 
corrosion resistance under reducing conditions and in 
strong alkaline solutions. Inconel “X” is an age-hardenable 
alloy with high strength and low creep rate at temperatures 
up to 1500 P. 

The Hastelloy alloys (A, B and C) are age-hardenable 
alloys containing nickel, molybdenum, iron and sometimes 
chromium and tungsten. They were developed primarily to 
resist corrosion by hydrochloric acid and solutions con- 
taining chlorides. 

Iron and nickel are completely soluble in the solid 
state. Nickel progressively lowers the gamma-to-alpha 
transformation in iron so that the alloys may be either 
ferritic or austenitic, depending upon nickel content and 
thermal history. When the nickel content is about 34 per 
cent, the transformation is completely suppressed. Alloys 
containing more than this amount of nickel are austenitic 
(face-centered cubic) and nonmagnetic. Alloys in the range 
of 20 to 30 per cent nickel are normally magnetic after 
s'ow cooling to room temperature but may be made non- 
magnetic by faster cooling, suppressing the gamma and 
elpha transformation. Where strength and toughness are 
added requirements, these alloys may be used for non 
magneiic parts of electrical equipment. 
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As the nickel content is increased above 30 per cent, 
thermal expansion falls off sharply, becoming almost un- 
variable for ordinary changes in temperature at 36 per 
cent nickel. Further additions of nickel result in an in- 
crease in thermal expansion. The 36 per cent nickel alloy 
is known as Invar and is used for measuring tapes and the 
construction of instruments where dimensions must remain 
constant with temperature fluctuations. In the range of 30 
to 60 per cent nickel, it is possible to select alloys of 
appropriate expansion characteristics to fit particular ap- 
plications. Alloys containing 28 to 29 per cent nickel and 
17 to 18 per cent cobalt have coefficients of expansion 


Magnesium and 


Magnesium alloys may be cast in sand or permanent 
molds with some modification of the standard casting 
methods. Magnesium can be shaped by all methods used 
in metal fabrication. It has a hexagonal close-packed crys- 
tal structure and does not have as many slip systems at 
room temperature as do the face-centered cubic metals. 
This limits the amount of deformation which can take 
place without fracture. About 400 F, however, more slip 
systems become active and the magnesium becomes very 
workable. 

Magnesium also has good stability in atmospheric ex- 
posure and resistance to attack by alkalis, chromic and 
hydrofluoric acids. Magnesium alloys have relatively high 
thermal and electrical conductivities and are non-magnetic. 

The common alloying elements in magnesium are alu- 
mium, zinc and manganese. Aluminum dissolves in mag- 
nesium, increasing its strength by solid-solution hardening. 
In addition, the solubility of aluminum in magnesium is 
greater at elevated temperature (12 per cent at 817 F) 
than at room temperature (3 per cent). The alloys con- 
taining over 6 per cent aluminum may therefore be age 
hardened. Aluminum also increases the castability of mag- 
nesium. Zinc has approximately the same effect as alu- 
minum. 

Manganese increases the strength of magnesium by form- 
ing a solid solution. Rare-earth metals are sometimes added 
to magnesium to improve the creep strength in the tem- 
perature range between 350 and 500 F. Magnesium-thor- 
ium alloys show superior creep characteristics and are 
utilized in the temperature range of 350 to 700 F. 

The resistance of magnesium to atmospheric corrosion is 
dependent upon the type of alloying element, the amount 
present, and humidity. At low values of humidity (below 
10 per cent), magnesium alloys show good corrosion re- 
sistance, but the resistance decreases with increasing humi- 
dity. During indoor exposure, the manganese alloys show 
better corrosion resistance than the aluminum alloys, but 
the reverse is true under outdoor exposure conditions. 
With aluminum content above 9 per cent, and zinc 
content above 5 per cent, corrosion resistance is decreased. 
Experimental results indicate that the corrosion resistance 
of magnesium compares favorably with aluminum alloys 
and is superior to low carbon steel in industrial atmo- 
spheres. 

The effect of heat treatment on the corrosion resistance 
of magnesium alloys in salt solutions varies with the heat- 
treating temperature, rate of cooling, alloying elements, 


closely matching those of standard types of glass. They 
are used for matched glass-to-metal seals under the trade 
names of “Kovar” and “Fernico.” A 46 per cent nickel 
alloy, called “Platinite,’ has the same coefficient of ex- 
pansion as platinum. A 42 per cent nickel alloy covered with 
an oxidized copper plating, known as “Dumet wire,” is used 
to replace platinum as the “seal-in” wire in electron tubes. 

Some compositions in the nickel-iron series are noted 
for their magnetic properties. By variation in the 
percentage of nickel and proper additions of cobalt, 
copper, molybdenum and chromium, different combina- 
tions of magnetic properties can be secured. 


Magnesium Alloys 


and impurity content. In the magnesium-manganese alloy 
M1, heat treatment in the range of 500 to 900 F greatly 
increases the corrosion rate and the tendency to pit. How- 
ever, heat treatment at about 1050 F, followed by rapid 
cooling, completely eliminates pitting and increases cor- 
rosion resistance. 

Magnesium and magnesium alloys may be joined by 
most of the common fusion and mechanical fastening meth- 
ods. These include shielded-metal arc welding, gas weld- 
ing, electric resistance seam and spot welding, riveting, 
bolting, self-fastening devices and adhesive bonding. Arc 
welding, spot welding and riveting are the most commonly 
used methods. 

Failure of welded joints usually occurs in the heat-af- 
fected zone next to the weld rather than the weld itself. 
This is most likely due to some grain growth of the base 
metal. 

Welds in some magnesium alloys, particularly the Mg- 
Al-Zn series, are susceptible to stress-corrosion cracking. 
This is due to the high residual stresses set up in the 
welding process. These residual stresses may be relieved 
by a suitable stress-relief treatment. 

Adhesive bonding is a comparatively new method of 
joining. Since no drilling is required, there is less stress 
concentration and better fatigue strength in adhesive- 
bonded joints as compared to other types. Adhesive bond- 
ing allows the use of thinner materials and it takes better 
advantage of the weight saving possible with magnesium. 

Riveting is the most common method of joining mag- 
nesium since it gives joints of good strength and efficiency. 
is a fairly simple method, and does not require highly 
skilled labor. o0o°o 
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Standards for Tapping Screws 


The 


screws in electrical and elec- 


wide use of tapping 


tronic equipment has led to 
the development by Western 
Electric of a set of internal 


standards which will insure 


uniform, properly assembled 
fastenings. In addition to gen- 


eral dimensional data, the 


standards include information 
regarding the strength of a fas- 
tening under torsion, tension, 


impact, shear and fatigue. 


E. F. PEROUT, Planning Engineer 
Hawthorne Works 

Western Exvectric Co., Inc. 
Chicago, Illinois 


THE NEED FOR SPEED and simplification of assembly 
procedures has lead to an increasing use, in recent years, 
of the self-tapping screw. The intelligent application of 
lapping screws as fasteners requires the consideration 
of five types of stresses: torsion, tension, impact, shear 
and fatigue. The need for information concerning the 
fastening strength in these five areas has therefore become 
increasingly important. The lack of such information 
from normal sources has led at Western Electric to the 
development and promulgation of a set of standards 
containing this information. 

Inasmuch as the ultimate strength of a fastening made 
by a tapping screw depends not only on the strength of 
the screw but also on the size of the lead hole, informa- 
tion concerning this factor has also been included in the 
standards. Further, to make the standards as complete 
as possible, all dimensional data for the various types 
and styles of tapping screws have been included in order 
to insure proper application. 

Dimension Data. The first section of the standards is 
a complete tapping screw product list covering all dimen- 
sions and tolerances. including screw head, slot and body 
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dimensions, thread classification or thread detail as 
required, thread length, point design, chamfers and fillets. 
Also included are general specifications covering the 
quality, finish and acceptable tolerances and limits, as 
well as any information that may be necessary to insure 
proper applications. This section of the standards is, in 
effect, an extraction from “American Standard Slotted 
and Recessed Head Tapping Screws and Metallic Drive 
Screws” (ASA B18.6.4-1958), with the permission of the 
publisher, The American Society of Mechanical Engi- 
neers, 29 W. 39 St., New York 18, N. Y. 

Two basic types of slotted tapping screws are covered 
in this section: thread-forming and thread-cutting. 
Thread-forming screws consist of the following types: 

Type A—-Spaced thread screw with a gimlet point 
intended for use in light sheet metals, resin-impregnated 
plywood, asbestos compositions, ete. 

Type B—Spaced thread screw with a blunt point and 
intended for use in light and heavy-gage sheet metal, 
non-ferrous castings, plastics, resin impregnated ply- 
woods, etc. 

Type BP--Spaced thread screw the same as type B 
except having a cone point and intended for use in 
assemblies where holes are misaligned. 

Type C—-Screws with blunt points and having machine 
screw diameter pitch combinations with threads approxi- 
mating American National form. They are used where 
a machine screw thread is preferable to the spaced-thread 
types of thread-forming screws or where chips from the 
machine screw thread-cutting screws are objectionable. 
This type of screw, due to the lack of cutting edges and 
chip cavities, may require extreme driving torques in 
long thread engagements or in hard metals. 

Thread-cutting screws consist of the following types: 

Types D, F, G and T—-Screws with blunt points and 
tapered entering threads having one or more cutting 
edges and chip cavities. The threads approximate the 
machine screw threads. These types are intended for use 
in materials such as aluminum, zinc and lead die castings. 
steel sheets and shapes, cast iron, brass, plastics, etc. 

Types BF, BG and BT 
type B, with blunt points and one or more cutting grooves. 
These types are intended for use in plastics, die castings, 
metal clad and resin-impregnated plywoods. asbestos, and 
other compositions. 


Spaced-thread screws, as in 


The first section also contains four appendices covering 
recommended lead hole sizes in various materials and 
thread engagements, application information showing 
proper usage of the various types, commercial equivalents 
to aid in procurement, and approximate weights per 
thousand. 


Torque Values. The second section of the standards 
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for general use in 
(quality 


contains tabulated torque values 
tightening, testing (inspection) and_retesting 
control) ; tabulated maximum torsional strength values 
(strip or break) for use in establishing lesser or greater 
torque values than those recommended for general use; 
and a master table for use in establishing torque values 
for screw sizes, thread engagements, or materials not 
listed in other tabulations. 

Torque values for tightening and testing and the master 
table were developed after extensive tests and surveys 
conducted by the author using, as a basis, the ultimate 
by the Bell Telephone 
Laboratories, Inc. A pendulum-type torsion test machine 


torsional strengths arrived at 


was built for determining the torsion values. The screws 
were assembled in a hardened-steel fixture using the 
material under test as a nut. Each nut was provided 
with the proper lead hole. The material 
was held in a calibrated fixture while torque was ap- 
plied with a screwdriver to the head of the screw. The 
load was applied at the rate of 144 rpm. The test was 


under test 


Table I—Tightening and Testing Torques for Types 
B, BG, BF, BP and BT Tapping Screws (Spaced 
Thread Series) with Steel Engaging Material 


Thread- 
engage 
Screw |(Threads| ment, 
size per in. in. Max. Min. Insp. 


4 24 | MG 15.0 10.5 10.5 9.5 
“ 17.0 12.0 12.0 10.5 


20 “e 17.0 12.0 12.0 10.5 
“% 35.0 24.5 24.5 22.0 


18 Ve 30.0 21.0 21.0 
Ys 45.0 31.5 31.5 


Ne 35.0 24.5 24.5 
“ 50.0 35.0 35.0 
75.0 52.5 52.5 


50.0 35.0 35.0 
75.0 52.5 52.5 


Driving and testing torques, in.-lb 


Final 
check 


Table Ii! — Maximum Torsional Strength, Strip 
or Break, for Types B, BG, BF, BP and BT Tapping 
Screws with Steel Engaging Material 


Maximum torque, in.-Ib 
Thread 
engage- 
Screw | Threads ment, 
size per in. in. 


Strip 


Material Screw Break 


4 24 “e 24.1 
Ye 31.0 


20 Ve 34.7 
Ye 


18 “e 68.1 
“ 


Ve 77.7 
“ 106.0 
% 


continued in various material thicknesses until the 
fastening failed either due to the stripping of the nut, 
the stripping of the screw thread, or the breaking of 
the screw. 

Tables I through IV give the results of these tests. 
Table V is the master table which is used by simulating 
conditions to be encountered in actual application or by 
using the application itself. A minimum of five samples 
should be used. Torque is applied with a calibrated torque 
screwdriver until the threads in either the material or 
the screw strip or the screw breaks. The average value 
of the torque at failure is then obtained and located in 
the first column of the table. 
torques are then found on the same line in the other 


Safe driving and testing 


columns of the table. 

Tensile Strength. Values for tabulations of tensile 
strengths and impact tensile strengths of tapping screws 
in various materials and thread engagements were also 
obtained in extensive tests at the Bell Telephone Labora- 
tories. The tension values (Table VI) were obtained on 


Table If — Tightening and Testing Torques for 
Types C, D, F, G and T Tapping Screws (American 
Coarse Thread Series) with Steel Engaging Mate- 
rial 


Thread | Driving and testing torques, in.-ib 
engage- 
Screw Threads ment, 
size per in. in. Max. Min. Insp. 


Final 
check 


40 Ve 17.0 12.0 12.0 10.5 


32 “e 23.0 16.0 16.0 14.5 
“% 30.0 21.0 21.0 19.0 


32 “Ve 23.0 16.0 16.0 14.5 
“% 40.0 28.0 28.0 25.0 


24 “e 30.0 21.0 21.0 19.0 
“% 60.0 42.0 42.0 38.0 


24 Ye 60.0 42.0 42.0 38.0 
Ne 65.0 45.5 45.5 41.0 


Table IV — Maximum Torsional Strength, Strip 
or Break, for Types C, D, F, G and T Tapping 
Screws with Steel Engaging Material 


Maximum torque, in.-Ib 
Thread 
engage- 
Screw | Threads ment, 
size per in. in. 


Strip 


Material Screw Break 


4 40 Ve 34.5 


32 Ve 
“Ye 68.5 


32 
87.1 


24 
Ye | | 123.0 


| ' | 
| 
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an Amsler testing machine of 20,000-lb capacity using the 
2000-lb scale. Tension was applied between the material 
under test and the head of the tapping screw at a rate 
equivalent to a free head speed of 0.2 in. per min unti 
failure of the fastening occurred. 

Impact values (Table VII) were determined by the 
use of a fixture in a pendulum impact-testing machine 
of 50 ft-lb capacity. The fixture was calibrated and all 
impact values obtained were corrected for the accelera- 
tion of the pendulum. Values of shear were obtained in 
a shear test fixture on an Amsler 20,000-lb machine, 
again using the 2000-lb scale. The fixture consisted of 
two hardened-steel members held together by the screw 
being tested, and pressure was applied to the assembly 
perpendicular to the axis of the screw. 

Impact shear tests were made on a 50 ft-lb impact 
testing machine using a special fixture consisting of a 
free-sliding block held to the rest of the fixture by the 
screw under test. The falling hammer hit the sliding 


(Continued on page 208) 


Table V — Master Table for Determining Safe Driv- 
ing and Testing Torques 


Safe torque, in.-Ib 
Average torque 
applied, in.-Ib, Quality 
strip or break i Min. Insp. control 


oa 
a 
a 


Monap | 
a 


3.0 
3.7 
4.7 
5.7 
6.6 


Pwwnmny 
oucuo 
wna = 
oulcono 
wero o 
oaonqa 
Non ——— 


=P Oe 
paw 
OOo 
SCuoumo 
VPPlHo@ 
CUoon 
FP Pee 
Cousconm 
PPeeoe 
Aonme 


| 
_—_— 


_— 
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—- . 


© DO OON 
AoUMon 
aoouno 
Dame 
rr 
eee >> 
CUM 


eN=SS 
coouo 
CONN 
oouancoc 
CONN 
counc 
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Pes e2 
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140.1 and over 
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Table Vi — Tensile Strengths of Threads in Holes 
(Steel Screws in Cold-Rolled Steel) 


Engaging material 
steel, cold-rolled 


Screw size Material thickness, in. 


Types Types Ve 7) 
6, BF,BG,| C, D, F. 
BP and BT G and T Tensile strength, Ib 
4-24 459 1200* 

568 800* 


598 1518* 
537 1480* 


571 1440 
670 1992* 


All pound values, unless marked with asterisk, de ote hole thread strippage 
*Denotes screw breakage 


Table Vil — Impact Tensile Strength of Threads 
in Holes (Steel Screws in Cold-Rolled Steel) 


Engaging material 
steel, cold-rolled 


Material thickness, in. 
Types 
B, BF, Types | “Ye “ Ye Ve 
BG, BP |C, D, F,G 
and BT | andT Impact tension strength, ft-Ib 


4-24 


Pl PE SH NS! 
ow ow oo nO 


10-24 


AL ft-lb values, unless marked with asterisk, denote hole thread strippage 
*Denotes screw breakage 


Table Vill — Average Ultimate Steel Screw 
Strengths 


Screw size 
Average breaking strength 
Types Types 
B, BF, Cc, D, Impact Impact 
BG, BP F,G Tension, tension, Shear, shear, 
and BT and T Ib ft-lb Ib ft-Ib 


4-24 1200 ’ 894 1. 
4-40 800 , 814 1. 


€-20 1518 : 1193 
1480 ‘ 1005 


8-18 2400 1420 
1992 , 1430 


2710 2320 
2673 1890 


4540 ; 2500 





AUTOMATIC CONTROL SYSTEM DESIGN 2 


Mathematical Techniques— 
Laplace Transformations 


Having discussed complex variables in the first part, in this second installment 


of the series the author treats Laplace operational calculus as it is used in the 


design and analysis of servomechanisms. The impulse function and the Z trans- 


form are also included. 


IRA RITOW 

Manager, Theoretical Analysis 
AimporNeé INSTRUMENTS LABORATORIES 
Mineola, N. Y. 


Introduction. The first article in this series dealt 
with complex variables. This article discusses Laplace 
operational calculus, the cornerstone of servomechanism 
analysis. Laplace operational calculus solves linear dif- 
ferential equations by converting them into complex- 
number algebraic equations. The final three articles in 
the series will apply the mathematical tools covered in 
these first two parts to problems encountered in the de- 
sign of automatic control systems. 

Solving Equations. “Solving” an equation usually 
means rearranging the terms of the equation until one 
variable of interest is most concisely expressed in terms 
of another variable. An example will illustrate the usual 
algebraic method and indicate the need for operational 
calculus. 

Given the problem: 

Solve for x as a function of y if 

vir + 2yz +3 6 

The first step is to collect all terms containing x on one 
side of the equation, which yields 

y4r + 2vr 3 
Then, factor x out to obtain 

r(y? + 2yv) 
from which 

3 


y? + Dy 


J 


Algebraic quantities were multiplied, divided and fac- 
tored to reach the solution. 

The algebraic processes above could not be used to 
solve a linear differential equation such as the following: 
@z %3dz.., ' 

; 1 Oy « 
df dl 
since (d*x/dt?) does not equal (dx/dt) times (dx/dt) 
nor does 


150 


dy d 

di val 
‘The usual procedure is to guess at the form of the answer 
and solve the differential equation by refined trial and 
error techniques. If it were possible to substitute an 
algebraic term for d/dt and solve differential equations 
by algebraic techniques, the problem would be simpli- 
fied. 

Such a process of substitution is possible and useful 
and is called Laplace operational calculus.* An example 
of the use of Laplace operational calculus will be shown 
now to illustrate the steps involved and explained later 
in this article. 

Suppose it is desired to solve 


der 3dr 
T 


df dl 


2r 


where dx/dt \ 0 at time ¢ = 0. 
Using tables of conversions such as shown in Tables 
I and II, this equation can be converted to: 
I 
p 
where pj} is the transform of (stands for) d/dt, X is the 
transform of x, 1/p is the transform of 1, and p and X 


px 3pX + 2X 


are algebraic terms. 
Solving for X by algebraic processes gives 
I I 
Pp? — 3p +2) pp — 1)(p — 2) 
0.5 1 0.5 
p p-—!1 p-2 
Using the tables to transform back to functions of time 
gives: 
r= 
which is the answer. 
The Laplace operational calculus process used consists 
of the following steps: 


*Laplace is the most popular operational calculus. Many others are possible 
tS is used in place of p in some texts. 
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1. Transform the differential equation where each term 
is a function of time, ¢, to an algebraic equation where 
each term is a function of p, an algebraic quantity. 

2. Manipulate to solve for X, the transform of the 
unknown term, x. 

3. Transform back to obtain x as a function of time. 

The Laplace Transform. The Laplace Transform, 
abbreviated L (_ ), of any function of time, x, is given 


by: 


t $ «x 


e-Ptrdl 


L (2) = 
f=0 


This can be interpreted as shown in Fig. 14. 

Figure 14a shows a plot of x as a function of time. 
The solid curve of Fig. 14b shows a typical plot of e 
as a function of time if p is a real number greater than 
zero. 

The product of x and e”' is shown in Fig. 14c. The 
Laplace transform is the area under the curve of (xe?*) 
from time t 0 to t = © and is shown shaded in Fig. 
14c. This area is a finite number and will have a specific 
number value for a given number value of p. The area 
when finally calculated is a function of p but not a fune- 
tion of ¢ or x. The function of p that results (i.e. how 
the area varies with p) depends upon the shape of the 
x vs t curve, but the Laplace transform is an expression 
of p alone. (See Table I.) 

Had a different value of p been chosen, the plot of 
e”' would have changed, possibly to the dashed curve of 
Fig. 14b, and the Laplace transform, the area under the 
curve, would have been smaller. For a specific number 
value of p, two different functions of time might have 
the same area, but only identical time functions will have 
identical areas for all values of p. The expression e?! 
serves two purposes in the Laplace transform integral. 
It makes the transform exist for functions of time that 
do not go to zero as time goes to infinity and it guar- 
antees that each time function has its own unique 
transform. 


~~ 
Fig. 14 
tion of ¢. 


Development of the Laplace transform of x, a 
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Table I—Laplace Transforms 


Time function (7) 


uvit step at ¢ = 04 


IP 
ie 
sin kt 
cos kt 


{[(n-Denke 
' 


(n 1)! 


e** (Kh cos kt + F sin kt) 


Table ti—Laplace Transform Theorems 


‘Time 
tunction 


Notes 


Laplace transform 
\ notation 
px [ro 


first derivative 


\dr/dt|, 


second 
derivative 


peX— plrlo 


general 
derivative 


prX — p™ [rho p” dar/dly, 
pp ® (d?r/dP\o 


io! 
v4 I f rdl ] 


p 


integrab 


\ integral with 
zero. constant 
Pp of integration 


repeat of 
\ above 
iD 
V(p +k) shifting 
theorem 


Ye-hp time delay 


final value* 


lim (4+) lim (pX) 


l~+@ pI) 


initial value 


lim (2) lim (pX) 


0 po 


) | addition of 
transforms 


kr k\ multiplication 
| by a constant 


Deanne ee EEE 


*See text for restrictions, 
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As an example of the calculation of a Laplace trans- 
form, consider 
t 


eo” Pt (e ‘) dl 
“i=0 
which can be directly integrated since p is not a function 
of time and therefore constant during the integration 
thus: 


Therefore 


t 


So that the Laplace transform of the function a e' is 
X 1/(p + 1). All the transforms of Tables I and il 
can be derived by similar means. 

Limitations of Laplace Transforms. Most functions 
of time ordinarily encountered have Laplace transforms. 
In order to have a Laplace transform, a function must 
be finite and continuous (except that it may have finite 
discontinuities) for all values of ¢ greater than zero. 
In addition, as t goes to infinity, the function must not 
grow at a faster rate than e”! decays, for if it does, the 
area under the curve in Fig. 14c is infinite. The restric- 
tion that the function be finite is not a firm restriction. 
However, if the function becomes infinite at any value 
of time, it must do so in such fashion that the area 
under the xe”! curve remains finite. 

Laplace transforms may be added, subtracted, mullti- 
plied, ete. like any algebraic quantities; however, com- 
bining time functions may affect their transforms in odd 
ways. Thus, if « and y are time functions and X and } 
Laplace transforms. the Laplace 


are their respective 


transform of their sums is the sum of their transforms: 
Lr + y) L. Cr) L(y) ¥ +) 
and if R is any number, 
L. (Ry) Ri (vy) RY) 
but 
Lr + y) does not equal \ 
and 
lL. (ry) does not equal Y- ) 
However 
\) \(l/)) 
This is not too surprising, for the operation of finding 
the Laplace transform of a time function is an integra- 
tion process and integration rules apply. For example: 


fe + y) dz f raz f vaz 


. . 


fom dz does not equal ([ za) ([va:) 


It should be kept in mind that the Laplace transform has 
no meaning for time ¢ less than zero. 


152 


Although the Laplace transform is a function of p and 
the original function is a function of ¢ and both are 
linked by an equation, there is no direct correspondence 
between ¢ and p. As a result, it can not be said that a 
particular value of t corresponds to a particular value of 
p. There are a few cases where particular values of the 
function of time can be directly evaluated by putting 
number values in for p and they will be discussed in this 
series, but they are the exception, not the rule. 

Transforms of Differentials and Integrals. It can 
be derived (by ordinary integration) that the Laplace 
transform of a function and the Laplace transform of the 
first time derivative of a function differ by a factor of 
| ‘p, so that if 
then 

L. (ds /dt) px 
and 
L (d2@r/dt?) = p?X pr ds /dlo, 
The general form is shown in Table II. 

Notice that the initial values of x and its derivatives 
enter into determining the Laplace transform. To inter- 
pret the notation used, x,, means “‘the numerical value 
of x at a time just after ¢ 0” and dx/dt,, means “the 
numerical value of dx/d¢ at a time just after ¢ igi 

A similar relationship using factors of 1/p holds for 
integration with respect to time. For example: 


‘=/ 0 


7 ” 


rd . rdt 
p 


“i 
Notice the second term in the parentheses of the trans- 
form. This term corresponds to the constant of integra- 
tion and is the numerical value of the integral at time 
t Q-+-. 
is zero at time t 


+ For the case where the value of the integral 
O+-, the initial condition term is 
zero, leaving 


Laplace Problem Example. The network problem 
shown in Fig. 15 will illustrate the transform techniques 
developed up to now. In the network the capacitor is 
initially charged when a sinusoidal voltage is suddenly 
applied. 

*0' means an infinitesimal time after time zero. This notation for initial values 


is often used to avoid 
t) time t 0 


confusion in the case of functions that change abrupt! 


}For a discussion of the meaning of the constant of integration see “Capsule 
Caleulus’’ in the May 1957 issue of Exeerrnican Manuracionine 


C io forads == 1 Vo+=6 volts 
(Qo4 “675° 0.6 coulombs) 


J 


Simple network in which V;,—3 sin 4, 
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From basic electrical engineering: 


iR 4 A fiat (1) 


Taking the Laplace transform of each side of the equation 


yields 
L (Vin) = RL) 4 ol. (fiat) 


The first term is evaluated by using Table I. 


L. (Vin) L. (3 sin 41) 3L (sin 40) 
The transformation of the second term is: 


RLQ@) = RI = 21 


where J = the Laplace transform of i. The last term is an 
integral so that: 


z L( fiar) ws z (5) 


Notice that the initial charge on the capacitor, qo,, is the 
time integral of the current from ¢ -2 to t = 0. Sub- 
stituting Eqs (3), (4) and (5) into Eq (2) gives 

12 ; 10l + 6 


21 + 
p? + 16 Pp 


l2p 6p 96 


(2p + 10) (p? + 16) (6) 


This can be reduced to the sum of two fractions called 
“partial fractions.” Assuming for the moment that 


Bp + ¢ io 
» T : (7) 
2p + 10 p? + 16 
is the partial fraction form desired (this will be discussed 
later), the fractions of Eq (7) could be reduced to a 
single common denominator fraction to give 


1 (p? + 16) + (Bp C) (2p + 10) 
(2p + 10) (p? + 16) 


Ap? + 16A + 2Bp*? + 10Bp + 2pC + 100 
(2p + 10) (p* + 16) 


_ (A + 2B) p? + (LOB + 2C) p + (16A 4+ 10€) . 
= (2p + 10) (p? + 16) (8) 


By comparing Eq (8) with Eq (6), it is apparent that 
6 1+ 2B 
12 OB + 2C 
96 16A + 100 


These can be solved to give (approximately) 


1 | 
B=0.714 
ec 24 


Substituting these values into Eq (7) gives 
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_ amperes 





Current i obtained as solution to network in 


7.4 , O. Tip + 2.21 
(2p + 10) (p® + 16) 


3.7 0.71Mp 2.24 
(p +5) * (p? + 16) * (p? + 16) 


these Laplace transforms can be trans- 


(9) 


Using Table I, 
formed back to the following time functions: 


i 3 Te ue + 0 TILA cos i t 0 56 sin W (10) 


which is plotted in Fig. 16. 

It is suggested that the reader check the transition 
from Eq (9) to Eq (10) as an exercise. Notice that Eq 
(10) contains both transient and -steady-state terms. 
Also, except for the partial fraction derivation, there was 
no trial and error or guessing at the form of the answer. 
Laplace operational calculus yields fairly direct answers 
to most problems. 

The sequence of 

l. writing the differential equation, 

2. transforming to functions of p, 

3. manipulating the transformed expressions to solve 

for the desired variable, and 

4. inverse transforming (or methods to be developed) 

to obtain the answer in normal form 
is the typical pattern for Laplace operational calculus 
solutions. In later articles short cuts used to serve design 
problems will be developed. 

The Inverse Transform. The inverse transform can 
be evaluated by an integration process using complex 
numbers. Up to now, p has been regarded as a real num- 
ber, but everything said so far holds as well if p is a com- 
plex number so long as its real part is positive. (If the 
real part of p is positive, then e®* in the Laplace trans- 
form integral causes the area under the curve in Fig. 14e 
to be finite. ) 

If p is thought of as a complex number, then a Laplace 
transform of a time function is a function of a complex 
number and has poles and zeros at various values of p. 
The location and residues of the poles of Laplace trans- 
forms will be used often in this series. 

In evaluating the inverse transform, p must be regarded 
as complex. Inverse transformation is the process of go- 
ing from the p function to the corresponding t function. 


The inverse transform is an integration process and can 


be shown to be equivalent to 


ep =d+sje 


2x 


som DCX) et XN dp (tt) 


vf ped —ja 


where the path of integration is a straight line. This ex- 
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Location 
of pole 


of eP'x 


Poth of 
integration 


bos 


gq - joo 


Fig. 17—Diagram of the inverse Laplace transform. 


pression will now be explained by reference to Fig. 17. 
Equation (11) states that x, the inverse transform of X, 
equals a constant (147j) times the line integral in the 
p plane of e?' times X. 

Notice that in this integration ¢ is a constant just as p 
was a constant in the integral to derive the Laplace trans- 
form (X) of a time function (x). Another point of in- 
terest is that the term e”' has no singularities or poles 
except as the real part of p goes to +-~ off to the right side 
of Fig. 17. As a result, the location of any poles of e?!X 
are at the location of poles of X. One such pole is indi- 
cated in Fig. 17. An assumption that will be needed in 
this discussion is that 

[xen dp 


is zero around the dot-dash semicircle at infinity shown 
in Fig. 17. This is true for all functions that come up in 
servo design. The distance d is put in the equation and 
the diagram primarily to assure that the path of integra- 
tion lies to the right of any poles of X. 

By the theory of residues presented in the previous 
article of this series, the integral of e?'X around the 
dashed line — dot-dashed line closed path in Fig. 17 is 
equal to 


ferxap = 2njh, (12) 


where R, is the residue of the pole of (e'X), assuming 
that (e?‘X) has only one pole in the region to the left 
of p = d as shown in Fig. 17. 

The integral of Eq (12) has the same value as the line 
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integral around a closed path just large enough to include 
the pole (as discussed in the last article). In the small 
closed path case, however, if the pole is a first order pole, 
et can be considered as a constant over the small region 
described at a value of e?:' where p, is the location of the 
pole; so in the first-order pole case, e”' can be removed 
from under the integral sign. Therefore, 


fe Xdp = 2njR, = emf Xdp 2rje’" Ry 


closed path small closed 


path around A, 
where Ry is the residue of X at the given pole. Combining 
this expression with Eq (11) gives: 


z=QL"(X) = i (2x je?" Rx) fe" \dp 


dash-dot 
line 


but the integral around the dash-dot line is zero, leaving: 
z= L"(X) = ef" Rx 
for the case of first-order poles of X. 

In general, for poles of X of any order, to evaluate the 
inverse transform of X it is necessary only to locate and 
evaluate the residue of each pole of Xe” on the part of 
the p plane to the left of a large finite value of p. 

It can be shown that: 

r L'(X) =A +h + R 
where R,, R., R,, etc. are the residues of all the poles of 
e”'X in the p plane to the left of a large finite value of p. 

As an example of residue calculations, in the sample 
problem worked before, there was a term 3.7/(p+-5). This 
term has a first-order pole at p = 
3.7 so that the inverse transform is i 


-5 with a residue of 
= 3.7 e°! as before. 
(It is suggested that the reader review at this point the 
previous article on the calculation of residues. ) 

Of interest in servo design is the effect that the location 
of poles of X have on the response of x. Figure 18 shows 
the effect of the location of poles of X on the nature of 
the time response, x, for the case of first-order poles. A 
first-order pole on the real axis corresponds to an ex- 
ponential time function whose time constant is equal to 
the reciprocal of the distance from the pole to the origin 
in the p plane. Thus the time responses that are repre- 
sented by a and e in Fig. 18 have shorter time constants 
than those represented by b and d. Notice also that poles 
to the left of the imaginary axis correspond to functions 
that decay with time and poles to the right of the axis 
correspond to functions that increase with time. This is a 
very important basic concept. A first order pole of X 
will never occur off the real axis in the p plane if the 
original equation had real numbers only (the case in 
servo design problems), except for the case where two 
first-order poles occur in complex-conjugate pairs. 

Figure 19 shows the effect of complex-conjugate, first- 
order pole pairs on time response. Notice that pairs of 
first-order poles correspond to sinusoids of time that 
decay if the poles are to the left and increase if the poles 
are to the right of the axis of imaginaries. As an 
example, x = sin 3t, when transformed, becomes: 

' a 
pP+9 
in ial tien 
(p + 33) (p — 73) 
which has first order poles at p j3 and p = +3. 
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Axis of 
reals 





Time 


Fig. 18—Location of first-order poles of a transform (above) 
and the effect of the location on the time response of the 
function x (below). 


Notice also that the distance from the axis of reals to 
either pole of a pair of complex-conjugate first-order 
poles is the frequency of the sinusoid in radians per 
second, 

If the pole is of second order, it transforms to the time 
function shown in Fig. 18 or 19, except multiplied by ¢; 
if it is a third order pole, by ¢*, etc. This statement must 
be used with care, however, for the residue of the higher 
order pole must be calculated as described in Part 1 of 
this series. For those forms indicated in Table I, the table 
can be used directly. The cases of a few second-order 
poles are indicated in Fig. 20 as a guide. 

As an example of the calculation of an inverse trans- 
form by residues, if a Laplace transform, X, had three 
poles of first order such that: 


Location 
Pole | p 3 +5 


Residue 
Pole 2 p= +2) 1j 
Pole 3 p 2) 1) 
The corresponding time function would be: 
Oe Aye — Aye 94! (13) 
where the terms correspond to the poles in the order 


L be 


given. Using the complex number identities that 


e* = cosk + Jsink 
e~** = cosk — jsink 


which can be derived from the relationship between Car- 
tesian and polar complex notations, Eq (13) becomes: 
xz = 5e~ + 47) (cos 2t + J sin 21) — 4; (cos 2 j sin 2/) 
or 
5e8# + 47 (27 sin 20) 
Therefore, 
r 5e~38t — $ sin 2/ 


Notice that poles 2 and 3 formed a complex-conjugate 
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p plane 


Axis of imaginaries 


Axis of reals 





Fig. 19—-Complex-conjugate first-order pole pairs (above) and 
their effect on time response (below). 


Time 


Fig. 20—Second-order poles (above) and their effect on time 
response (below). 
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pair and resulted in a sinusoid. Also note that the residue 
of a pole may be complex. 

As a final remark, it is interesting that the order, resi- 
due and location of the poles of X completely determine 
x. This is perhaps to be expected since, although x is 
adequately represented by a single-valued function of 
time, X is a complex function of p. 

Partial Fractions. In order to find the inverse trans- 
form of X it is often convenient to reduce X to a sum of 
many simple fractions called partial fractions, for the 
inverse transform of a sum of terms is the sum of the 
individual inverse transforms of the terms. In general, 
in servo design, X can be expressed as a quotient of two 
polynomials in p such as 

mp + np? + qp? + rp +e 
wp + ypt + zp*+ gp? +hp +k 
where the highest power of p that appears in the numera- 
tor (4 in this case) is lower than the highest power of p 
that appears in the denominator (5 in this case). For this 
general case the method of expansion by partial fractions 
is very useful. This method has many refinements and 
only the simplest approach will be given here as it is 
adequate for most servo-design problems. 

The first step is to factor the denominator into linear 
functions of p and quadratic functions of p. This is not 
difficult, for the servo-design equations usually lead to 
this form directly. It is a form such as: 


mp! + np? + qp? + rp +p 
(p + a)(p + 6) (p + c)* (p? + ep +f) 


The poles of X will occur at p a,p b, p C, 


(14) 


iw 
w 


‘+ 


YS 


y(t 


fret 


t 


Ua k(t-t 
f t<t 

me } 

e 

e 


Tir 


Fig. 21—The effects of time delay on several functions. 
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and at the roots* of the quadratic equation. The object 
of the partial fraction expansion is to rewrite X as 
A B C D 
(p +a) * (p +b) ' +o ' (pte 
E Fp +G 

"(+o)" @ + 2p +h 
and evaluate A, B, C, D, E, F and G. Once this is done 
the inverse transform of each term is easily determined 
by the method of residues previously described. 

The rules to be followed in going from the form of 
Eq (14) to the form of Eq (15) are as indicated. That is: 

1. Each linear term such as p 4 
single partial fraction. 

2. Each repeated linear term such as (p + c)* gives 
rise to a partial fraction for its original power and all 
lesser powers. ’ 

3. A quadratic term such as (p* + 2ep + f) gives 
rise to a partial fraction with a numerator of the form 
Fp + G. 

Once the partial fraction is put in the form shown in 
Eq (15), the constants (A, B,....G) are evaluated 
by multiplying both sides by the denominator and solv- 
ing for the constants algebraically. As an example, if 


(15) 


a gives rise to a 


12p*® + 76p? 
(p + 3)? (p + Dp 


the partial fraction expansion will give: 


119p + 27 


{ B C D 
@P+s?  @+3) °° @+)D p 
by the rules stated above. Notice that the denominator is 
of higher order in p than the numerator. Multiplying 
both sides by (p + 3)* (p + 1)p yields: 


119p + 27 = Ap(p + 1) + Bp(p + 3) 
(p +1) + Cp(p + 3) + Dp +3) (p +1) 


12p*? + 76p* 4 


or 
12p? + 76p? + 119p + 27 = A(p? + p) + B(p* + 4p? + 3p) 
+ C(p* + 6p? + 9p) + D(p* + Tp* + 15p + 9) 
Setting coefficients of equal powers of p equal to each 
other gives: 
12 B+C+D 119 A+3B49C 4+ 15D 
76 =A+4B+ 604+ 7D aa 9D 
Solving these equations by ordinary algebra yields: 
1 : C 7 
B-= % D=3 
Therefore, 
5 2 7 3 
(p + 3)2 t (p + 3) (p 4+ 1) ary 
As an exercise it is suggested that the reader locate the 
poles of each term, evaluate their order and residue for 
practice and determine x in this case, using Table I, 
to get: 
zt 
Special Properties of Laplace Transforms. There 
are several special properties of the Laplace transform 
that are of use in various design short-cuts. The first is 
called the “Final Value Theorem” and states that, if X 
is the Laplace transform of x, then the numerical value 
of x at time ¢ * is given by the value of pX if p is 
shrunk to zero. In symbol form: 
(r) limit of (pX) 


att wp 0 


This equation holds, however, only if there are no 
poles of pX on the axis of imaginaries or in the right 
half of the p plane, for such pole locations indicate sinus- 


*Values of p which make the quadratic term equal to zero. 
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yields the same final and initial values for « by sub- 
stituting ¢ = 0 and ¢t 20, 

\ time delay of t, seconds has a Laplace transform of 
e**:. Another way of expressing this is to say that multi- 
plication of the Laplace transform of a function by e”'! 
causes the corresponding time function to be shifted to 
the right by ¢, seconds. This illustrated in Fig. 21 for 
several functions. Notice that since the original time 
function is always considered undefined or zero for neg- 
ative time, the shifted function is zero for all time less 
than ¢,. 

A substitution of (p--a) for p wherever it occurs in 
the Laplace transform, X, of a function of time, x, is equiv- 
alent to multiplying x by e “, a decaying exponential. This 
is called the “Shifting Theorem” and can be interpreted 
by reference to Fig. 18. If (p + a) is substituted for p, 
all poles of X shift to the left in the p plane — the direc- 
tion of more rapid decay of x with time. Substitution of 
(p+ a) for p can lead to errors unless care is taken to 
notice, for example, that this means (p-a)® replaces 
p® and not that (p + a)p?’ replaces p’. 

The Impulse Function and the Z Transform. The 
design of sample data or sampling servos uses a variation 
of the Laplace transform called Z transform which will 


Amplitude 


Amplitude 


(Continued on page 210) 


Sampling 
Time > switch 


Fig. 22—Three types of impulse functions, 


oidal or exponentially increasing terms in x that do not 

approach finite fixed values at time ¢ 0, [Constant 
A complementary theorem to the ‘Final Value Se 

Theorem” is the “Initial Value Theorem” which states 

that, if X is the Laplace transform of x, then the numer- 

ical value of x at time t¢ 0 is given by the limiting 

value of pX as p is expanded to an infinite value. In 


mathematical notation: 
(r) = limit of (p.X) ’ Vout | ° 
at? 0 spo 
As an example, the initial and final values of the previous | | 


problem will be calculated. In that problem: 


12p3 + Top? 4 119p 1. 97 ) b 2b 3b 4b b 2b 3b 4b 


(p + 3)? (p + I) p Time Time 
Fig. 23—Sampling switch with ramp input. Output is series 
of pulses. 


\ 


12p* + 76p? + 119p + 27 
p 
The value of pX is therefore neti Laplace 


transform 


\ 


+ Tp® + Lip? + 9p 


12p* + 76p? + 119p 4+ 27 


X 
/ p® + Tp? + lop + 9 


(16) 


By inspection of Eq (16), pX will have no poles that will 
invalidate the Final Value Theorem. The final value of « 
is given by letting p approach zero as a limit. When this 
is done to Eq (16). pX becomes 27/9 3, which is the 
final value of x. 

The initial value of x is most easily seen by first di- 
viding numerator and denominator of pX by p* to give: 


119 27 
p* p* p 
rn : 15 9 
PF Pp 
As p becomes infinite the value of pX becomes 12/1 = 12, 
which is the initial value of x. As a check, the previously 0 
derived expression for x: 


{ 

Time 
Fig 24 Two different functions, with different Laplace trans- 
z = Sle“** + Qe 4+- Tet 4+ forms, have same Z transtorm. 
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| Diaphragm 
2 Expansion tank 


Insulation 
Minimum-pressure manometer 
3 Tank protection sheath 6 Maximum-pressure manometer 


Fig. 1--Structural details of chlorinated-dielectric transformer 
designed for mine operation under firedamp conditions. 


Fig. 2--Comparison of characteristics of quartz-insulated trans- 


former with silicone-insulated type. 
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Explosion-Proof 


Analysis of several approaches to the design 
of an optimum insulation system for light- 
weight, mobile mine transformers operating 
under firedamp explosion conditions. Test data 
are given on a silicone-insulated type finally 


selected. 


J. DEBAISE 
ATELIERS DE 
(A.C.E.C.) 


Charleroi, Belgium 


CONSTRUCTIONS ELECTRIQUES DE CHARLEROI 


THE PROGRESSIVE ELECTRIFICATION of Belgian coal mines 
since World War I has had safety of operation as the 
prime objective. A major element in the program calls 
for the design and development of non-ignitable ex- 
plosion-proof transformers. The transformers and associ- 
ated switchgear are also required to be built as integral 
mobile units, so that they can be easily moved during 
coal-breaking operations. The following three transformer 
types now being produced in Belgium conform to some of 
these requirements: 

1. chlorinated-dielectric type 

2. quartz-insulation type 

3. dry-type, silicone-insulated Class 180 C (Class H). 

Detailed descriptions, including limitations and ad- 
vantages of each type, follow: 


Chlorinated-Dielectric Transformers 


These transformers are of a special design. They in- 
corporate appropriate safety devices actuated in the event 
chlorinated gas is released as a result of failure in the 
windings. A thick steel plate envelope is used as a pro- 
tective screen between the windings and the clean walls 
of the tank, in addition to the usual insulating envelope. 

A special device mounted between the transformer tank 
and the expansion tank makes it possible to maintain the 
pressure of the dielectric permanently at a value above 
atmospheric pressure. Penetration of combustible “fire- 
damp” mine atmosphere is thus prevented and the risk of 
internal explosion is eliminated. 

To control the pressure, two manometers are provided 
suitably connected to control circuits. One disconnects the 
transformer by releasing the HV on-load circuit-breaker 
when the pressure inside the tank reaches a maximum 
permissible value. The other manometer has a similar 
function in case of accidental pressure drop caused by a 
sealing defect (see Fig. 1). 
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Mine Transformer 


While the chlorinated-dielectric transformer provides 
adequate built-in safety control against release of chlori- 
nated gases as a result of internal failure, it has two 
limitations: 

a. Structural: The design lacks the elements of sim- 
plicity that are desirable for optimum operation. 

b. Explosion Hazard due to External Causes: There is 
no protection against transformer explosion and release 
of gas caused by a mine fire that originates externally to 
the transformer. 

In the event of a mine disaster, therefore, the known 
presence of chlorinated-dielectric transformers would have 
a psychologically adverse effect both on the miners and 
rescue groups. 


Quartz-Insulated Transformers 


These transformers are mounted within a non-explo- 
sionproof tank, which is then filled with powdered quartz. 
The transformer windings are enamel-insulated. Temper- 
ature classification conforms to class 120 C (Class E).* 

The quartz-filling offers the 
vantages: 


method following ad- 

a. A layer of a few centimeters of quartz prevents an 
arc from igniting an explosive mixture of air and fire- 
damp. Mining safety regulations require a 150 mm (6 in.) 
thickness of quartz above the live parts. 

b. Even if firedamp is ignited inside a tank owing to an 
insufficient quantity of quartz, the explosive stage is never 
actually reached. Only a slight internal overpressure on 
the sides--some 2 to 3 kg/sq em (28 to 42 psi) -is de- 
veloped. 

The quartz filling functions as a damping medium for 
the shock waves. In effect, an explosion-proof transformer 
design is provided without the need for an explosion-proof 
tank. The design is simple and thus meets the first require- 
ment for these mine transformers as already stated. 

Three limitations, however, are found: 

a. The transformers are heavy owing to the density of 
the quartz. 

b. The electrical characteristics: are inferior to silicone- 
insulated dry-type transformers. 

c. The overall dimensions are too large-—an important 
consideration since the size of the galleries in the Belgian 
mines restricts the maximum dimensions of transformers 
so as to permit transportation. The heavy weight already 
mentioned is also a factor in transportation. 


Dry-Type Silicone-Insulated Transformer 


Comparison of quartz-filled transformer characteristics 
with those of the silicone-insulated type (Fig. 2) led to a 
final decision in favor of the latter as best meeting the 


*Class E is a temperature 


cluded in ATEI 


classification adopted i 
Standard No, 1—(The Editors) 


Europe, but is not in 
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Fig. 3 -Dry-type silicone-insulated Class H mine transfermer. 
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Detail of silicone-insulated mine transformer. 





Fig. 5—Silicone-insulated mine transformer, showing condition 
of windings after temperature tests. 


original performance requirements for safety of opera- 
tion, compact size, reduced weight, economy and ease of 
maintenance, and mobility. Design details of the insula- 
tion system follow: 

Figures 3 and 4 show details of the construction. The 
design provides a 100-per cent Class H (180 C) insula- 
tion system utilizing glass-fiber cloth, silicone varnish, 
porcelain and mica. 

Silicone-varnish impregnated glass cloth is used for 
insulating the HV and LV copper conductors. Formable 
glass-mica laminate with silicone varnish is used for 
barrier insulation. Coil wedges, spacers and end coil 
blocks employ porcelain or silicone-impregnated mica. 


Test Procedures 


Special tests were conducted on the Class H silicone- 
insulated mine transformer to determine its behavior 
under extreme temperatures and mine operating condi- 
tions. The following problems were considered: 

l. Does the transformer itself constitute an increased 
fire hazard? 

2. Can the gases generated by the heated silicone in- 
sulation create an explosion inside the transformer tank? 

3. What is the composition of these gases and their 
toxicity ? 

4. Is there an important quantity of gas that can 
escape into the mine through the flameproof joints? 

5. What is the pressure inside the tank? 

6. How does the insulation behave after having been 
subjected to high temperatures? 


Test Equipment 


Part of the transformer high-voltage winding, consist- 
ing of two full-size series-connected 12-turn elements. was 
built as a test model. Each turn comprised 15 x 3 mm 
copper strip bound with glass-silicone tape. The elements 
were assembled on a 320-mm diam fixture with A.C.E.C. 
standard Class H centering wedges and packing pieces. 
The complete assembly was impregnated with silicone 
varnish and cured according to a cycle developed for this 
class of insulation. 

The model was placed in a cylindrical tank fitted with 
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a cover having a flameproof metal-to-metal joint. This tank 
was fitted with the following accessories: 

a. two Pyrex viewing ports for visual examination of 
the coil and of the quantity of gases produced during the 


tests 


b. a pressure manometer 


a gas-sampling valve 
d. two terminals for the coil 
e. a spark plug for explosion tests. 


c. 


Test Procedure 

The test temperature was progressively brought from 
17 C (62 F) to 650 C (1200 F). The latter temperature 
was maintained for 10 min. Test duration was 80 min. 
After the apparatus had been cooled down, the test model 
was removed from the tank and placed on a magnetic 
circuit for testing the inter-turn insulation. 

From 300 C up, slight amounts of vapors were found 
in the tank, originating primarily from the normal-air 
moisture content. 

The quantity of liberated gas increased progressively 
with the test and stabilized at about 550 C. From then 
on there were (as expected) small leaks through the 
flameproof joint of the cover. The pressure in the tank 
did not exceed 200 gm/sq cm. From 600 C on, all the 
windings and their insulation became dull red. Labora- 
tory analyses of liberated gases are given in the accom- 
panying table. 

At no time was there any ignition as a result of arcing. 
Under some temperature and pressure conditions, and in 
the presence of gases such as CO., CO, and No, a mixture 
of H. and O. does not necessarily result in an explosive 
compound. * 

Visually, the coils tested have the appearance shown in 
Fig. 5. On the surface of the winding the silicone im- 
pregnation varnish was partially oxidized and became 
brownish. Underneath this thin layer, however, the in- 
sulation between turns appeared to be quite normal. 

To double-check on this very important point, the 
transformer model was submitted to a standard induced- 
voltage test (twice the rated volts/turn at 100 cps for 5 
min). No failure was noted. 

Pushing the investigation further, inter-turn insulation 
was subjected to an even more exacting test. Three times 
the normal inter-turn voltage was applied for 5 min at a 
5000 cps frequency with no signs of insulation break- 
down. 

The test model was conditioned for some 15 days in the 
normal works atmosphere before being submitted to this 
last test. 


Wet Insulation Resistance 


Another transformer winding element was completely 
immersed in salt water for 48 hr. Immediately after with- 
drawal, the test unit was placed in the experimental mag- 
netic circuit and the inter-turn induced-voltage tests were 
repeated at 5000 cps for 5 min at three times the rated 
voltage. The insulation withstood the test perfectly. 


Reference 


Complete details of the construction of the firedamp mine trans 
former described here are given in a paper by the author, “Etat 
Actuel de la Technique du Transformateur Type ‘Mine Anti 
grisouteux’ sur le Marché Belge.” 


*See “Scaled Dry-Type Transformers Proved Safe by Test," E. 
4/EE Transactions, 72, 1953. 


W. Tepton, 
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Static Switching Today 


On the basis of successful performance, 
static switching devices (semiconductor 


and static-magnetic types) appear to 


provide the answer to current demands 
for more speed and more reliability in 
machine control systems. The design and 
application of the “‘non-moving’”’ devices 
are of continuing and growing interest 


to system engineers and are reviewed here. 


J. J. DUFFY and S. SPATZ 
Electromechanical Laboratory 
AMERICAN MACHINE & FounprY COMPANY 
Stamford, Connecticut 


THE CHARACTERISTICS which make magnetic materials 
adaptable to switching functions have been utilized for 
many years in saturable transformers and reactors for 
power control. All but the earliest large-scale digital 
computers have relied heavily on both magnetic materials 
and semiconductors for information storage and logic 
operations. Until recently, however, the high cost and 
low power-handling capacity of most solid-state switching 
devices presented a barrier to their use in applications 
that did not owe their feasibility directly to either rapid 
response times, small power consumption or reduced 
volume. 

Now that the power-handling capacity of static devices 
has been substantially improved and their price position 
has been made more competitive, their use in certain 
machine control applications is no longer questioned. 
Their selection is particularly appropriate when one or 
more of the following parameters prevails: 


e system must repeat a cycle frequently 

e operation in contaminated atmosphere is necessary 
e reliability is critical 

e system is complex 

e ratio of output to input signals is small. 


Economics is also a factor in the solution of the design 
problem. If a large number of similar control systems is 
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to be produced, the use of static switching components 
permits considerable savings through the use of printed 
circuits and modular assembly techniques. Potted com- 
ponent assemblies are also practical, providing increased 
protection against adverse environmental conditions. 

On-Off Machine Control Systems. To evaluate the 
adaptability of various devices to switching circuit appli- 
cations, the make-up of the general machine system must 
be examined. Any on-off system can be broken down into 
three basic parts: input devices, power control devices, 
and so-called logic implementation. A few words about 
each of these parts will clarify their functions in a system, 

Input devices are capable of sensing the conditions 
existing in the system and producing on-off signals to 
represent these conditions. In this category, the devices 
most frequently used in machine control systems are 
conventional-contact closing-and-opening switches. They 
are operated either manually or by some measurable 
physical condition such as temperature, position or pres- 
sure. In addition, there are available many contactless 
switches which generate signals on the basis of magnetic, 
radio-frequency, nuclear, or photo-electric effects. Fre- 
quency of operation has no effect on the life of these 
devices. 

Some static devices utilize contact-closing switches 
directly as input sources; others require an input circuit 
continuity that is not obtainable with open-close contacts. 
For the latter, voltage-dividing networks are useful, or 
certain of the contactless switches can be used directly. 
Power-control devices are activated by the logic elements 
to connect the power sources to the devices which produce 
the useful system output. Since it is frequently imprac- 
ticable to have the logic circuitry handle the full amount 
of power required by the devices producing the useful 
system output, it is necessary to pass the control signal 
through one or more stages of amplification. (Power 
control devices, as such, are not required if the devices 
producing the useful output can operate at the power 
levels at which the control circuit is functioning.) 

In a static control system, amplification may be 
achieved either by a magnetic amplifier, a semiconductor 
amplifier, or a combination of both. Here the static device 
does not completely isolate the load from the power 
source but merely presents a very high impedance when 
in the “off” condition. For the majority of machine con- 
trol systems, this condition does not constitute a sub- 
stantial problem. 

Logic implementation devices are connected and inter- 
related to produce the desired control functions when 
activated by the input devices. Since both input and 
output data are confined to distinct on-off conditions, it 
is possible to specify all control conditions with devices 
which can assume two stable states, These devices can, 
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in turn, be combined to generate logic functions through 
use of the operators AND, oR and NoT with the addition of 
time criteria. The following paragraphs define the logic 
operations that are necessary for machine control func- 
tions and indicate some of the methods available to 
generate them. 

Boolean Notation. Throughout this article com- 
ponent status and the inter-relation of components are 
indicated by Boolean notation.* Following are five nota- 
tions which are used extensively. 

a) Basic elements denoted by A, B, C, etc., are state- 
ments about which it is meaningful to say that the content 
of each of them is true or false (or normally open or 
normally closed in standard switching terminology). 

b) The propositional operation “-+-”, called on, means 
A4-B is true if, and only if, A is true. or B is true or 
both are true. 

c) The propositional operation ('). called “prime.” 
means A’ is true if, and only if. A is false. The notation 


(A), called “bar,” is also used to represent this same 


operation. 

d) The derived operation (*) is called anp, and AeB 
will by definition represent (A’+-B’)’. This is true if, 
and only if, A’+-B’ is false; that is, neither A’ nor B’ 
is true. According to usual usage, therefore, A*B is true 
if, and only if, A is true and B is true. 

e) The time operation (t) is used to show that an 
element will be indicated as being true or false only 
following a certain elapsed time after the conditions for 
its being true or false exist. Thus (A*t) indicates that A 
will give an indication of being true starting at time “t” 
after it becomes true. 


The Five Fundamental Functions 


Definitions. Any on-off control system, regardless of 
complexity, can be described with one or more of the 
following five functions. (Note: At the present time 
there is no standard symbology for depicting logic ele- 
ments. The symbols shown here are in fairly general 
use for machine control systems, while a family of half- 
moon symbols is more commonly used in the computer 


field.) 


@ AND Gate: In the AND gate, all inputs must be present be- 
fore an output occurs. In Boolean notation, A*BeC — X. 
The symbol for the AND gate is: 


A 
A 


B 
( 


e or Gate: In the or gate, any one or more of several 
inputs must be present before an output signal occurs. 
In Boolean notation, A+-B-+-C Y. The symbol for 
the or gate is: 


e not Element: An output signal occurs in the NoT, or 
inversion, element only when a signal is absent at the 
input. If the output is turned off by one or more of sev- 
eral inputs, the unit is often called a Not gate. The symbol 
for the Nor element is: 


*See “Language and Laws of Boolean Algebra, 
May 1958, p 129. 


Kiecrmican Manuracrunine 
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e Time Delay: The time-delay unit delivers an output 
signal a fixed time after an input signal is received. This 
may be noted as Ast Z. where t time. The symbol 
for the time delay unit is: 


e Memory: There is a variety of memory functions pos- 
sible, depending on the priority assigned to “on” and 
“off” signals. In general, however, the memory unit de- 
livers a continuous output (X) from the time an initial 
“on” signal (A) is received until an “off signal (B) is 
received. The symbol for the memory unit with a domi- 
nant “on” signal is: 


Component Requirements. Devices that perform in 
an on-off control system must meet the requirements in 
the following paragraphs singly or in combination. In 
addition, these components must be capable of meeting 
specialized requirements such as operating speed, size, 
operating voltage, and environmental conditions. 

Perform the logic operations AND, OR, and Not. It can 
be shown that the AND and Nor functions define the oR 
function; that the or and nor functions define the AND 
function: but the AND and oR functions cannot define the 
Not function. The AND and Not functions define the or 
function as follows: 

Z—A+ B= (A’B’)’ 
The or and Not functions define the AND function as: 

Y A°B (A’ + B’)’ 
Therefore, a device to meet this requirement need only 
be capable of performing the AND or oR function and the 
vot function. 

Be capable of amplification, Devices that perform in 
on-off machine control systems must be capable of am- 
plification in order to operate power-control units used 


as the output devices. It is more practical to perform the 


logic implementation and decision-making functions at 
a low power level. This means that amplification must be 
provided to increase the power level for the operation 
of the power-control devices. It will be shown below that 
amplification is also necessary to generate the memory 
function. In addition, amplification is necessary to pre- 
vent signal loss in successive stages of the circuitry and 
to provide isolation where necessary. The symbol for 
amplification is: 


Perform the memory function. As described previously, 
a memory unit delivers an output after an initial input 
is received and until a second input is received. In sym- 
bolic notation, a memory function can be represented as 
X = A + (B’eX) (1) 

if A overrides the B signal, or as 
X = B’» (A+X) (2) 
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if B overrides the A signal. These equations mean the 
following: output signal X appears when circuit A 
operates and remains on until circuit B opens. In Eq (1), 
signal A must be absent before signal B can turn the 
memory off. In Eq (2), signal B must be absent from 
signal A can turn the memory on. In block diagram form, 
memory functions of Eqs (1) and (2) may be repre- 
sented by Figs. 1 and 2, respectively. It would appear 
that a memory function can be generated by using only 
the three elementary logic functions AND, OR and NOT. 
This is true provided the AND function or OR function in 
Loop 1 has some amplification. If there is no amplifica- 
tion, the whole system will degenerate and the memory 
will be destroyed. The amplification around Loop 1 must 
be equal to unity; therefore, to obtain a useful output 
there must be an element in the memory function that 
will have an amplification greater than unity. 

Produce time delays. The time-delay function may be 
considered to be a special type of memory function. In 
the time delay unit the change in output lags the con- 
trolling inputs by a fixed time interval so that the unit 
may be considered as temporarily “remembering” its 
original status. 

Time delay units are used to implement sequence re- 
quirements, to generate pulses and for the intermeshing 
of components with different response times. 

Components and Application. Of all the solid-state 
effects that could conceivably be utilized for logic im- 
plementation, most components in control circuits used 
today utilize the phenomena of rectifier action, transistor 
action or square-loop hysteresis effects. In turn, many 
devices in these three categories are not of importance 
in machine control systems. Such devices as field-effect 
transistors and transistor tetrodes, for instance, exhibit 
qualities which are not required for normal control func- 
tions. Certain solid-state phenomena such as_ thermo- 
electric, photo-conductive and photovoltaic effects are 
already finding applications in sensing elements but are 
not used directly for logic applications. 


Semiconductor Devices 


Diodes. The diode may be made to function as a 
control device by utilizing its unidirectional current- 
carrying qualities to sense conditions implied by the 
polarity of applied voltages.* 

Diode logic functions. The two basic types of diode 
logic “‘building blocks” are shown in Figs. 3 and 4. The 
circuits shown use negative voltage inputs. In the AND 
circuit (Fig. 3) the output voltage approaches the most 
positive input so that the output is negative only when 
all inputs are negative. In the or circuit the output is 
obtained if any one or more of the inputs is negative. 

The typical circuitry for the positive input oR gate is 
the same as for the negative input AND gate. Similarly. 
that for the positive input AND gate is the same as for 
the negative input oR gate. 

Double-base diode. The double-base diode (also called 
the uni-junction transistor) is a device consisting of one 
p-n junction and two ohmic contacts on a small piece of 
semiconducting material. With a suitable bias applied 
across two bases, the voltage-current characteristic of the 
p-n junction with respect to one base contact exhibits a 


*See “Introduction to Semiconductor Theory,’’ Etecraican Manuracrunine, 


January 1959, p 107. 
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Vig. 1 —Memory-function block diagram. (Signal A overrides B.) 


! | 


Fig. 2 


f 


Memory-funetion block diagram. (Signal B overrides A.) 
oe - >X=A-B-C 
i a} 


Fig. 3—A diode anv gate with negative input. 


> xK=A+Bt 


Fig. 4--A diode or gate with negative input. 
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Fig. 5 Characteristic of a dynistor diode. 


large, stable, negative-resistance region. This negative- 
resistance region may be utilized in various oscillatory 
and memory circuits. 

Dynistor diode. Vhe dynistor diode’s forward charac- 
teristic is similar to that of a conventional diode. How- 
ever, in the reverse direction two distinctly different 
regions exist. Starting at zero voltage the current in 
creases slightly with voltage. The second region begins 
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Fig. 8—Basic bilateral switch circuit using a p-n-p bilateral 


‘ : 4 ; transistor. 
An or circuit using transistors. 


where the device breaks down to a low-value voltage. 
This second region consists of a negative resistance part 
and a hyperconductive part. The hyperconductive part 
is characterized by a very low resistance value, much 
lower than in the forward conduction direction. This 
reverse characteristic is the equivalent of thyratron ac- 
tion and may be used to generate the memory function 
or act as a switch. Figure 5 shows a characteristic curve 
of a dynistor diode. 

Silicon controlled rectifier. This unit is a three-terminal 
semiconductor device with characteristics similar to a 
thyratron. The unit has a forward conduction charac- 
teristic such that it will block conduction up to a certain 
critical breakover voltgage if no signal is applied to the 
control terminal. If an appropriate signal is applied to the 
control terminal, the device will switch to a conducting 
state and present the characteristically low forward volt- 
An AND circuit using transistors. age drop of a single-junction silicon rectifier. The reverse 
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characteristic of the device is similar to that of a normal 
diode. 

Transistors. Junction transistors behave like relays 
when used in a common emitter circuit with their base 
terminals as the input elements. These units may be used 
as logic functions and memory elements. Depending on 
the signal applied to the base, the emitter-collector im- 
pedance will be either very high or very low, giving the 
effect of an “open” or “closed” circuit. 

Transistor logic functions. A transistor OR circuit 
is shown in Fig. 6. If transistors 1 and 2 have no base 
current flowing, each collector-to-emitter circuit is equiva- 
lent to a very high impedance, and almost no current 
will flow in the load resistance R,. If a small negative 
voltage is applied to the base of transistor 1 or 2, a 
base current will flow. The collector current will increase 
and the collector voltage will be decreased to a value 
approaching zero. It should be noted that this transistor 
OR circuit also inverts the signal. 

A transistor AND circuit is shown in ‘Fig. 7. Load 
current will flow only if the bases of transistor 1 and 2 
are made negative. 

Time-delay functions in transistor circuits may be 
obtained through the utilization of R-C networks. Al- 
though the low input impedances of most transistors 
are a source of difficulty in obtaining time delays, circuit 
techniques for avoiding this problem are available. One 
form of time-delay circuit used is the mono-stable, flip- 
flop circuit which can give either an ‘“‘on” or an “off” 
output for a controllable period of time after an input 
signal is applied. 

Bilateral transistor. Bilateral transistors are symmet- 
rical p-n-p or n-p-n junction units in which either junction 
serves equally well as collector or emitter. Fig. 8 is an 
elementary sample of a bilateral transistor switch. If 
the switch is in the off condition, then both junctions 
of the transistor are biased in the reverse direction. The 
a-c impedance represented by each junction is very high. 
Transmission in either direction through the switch is 
attenuated considerably in the off condition, as long 
as the positive input peaks do not exceed the voltage 
of the base supply battery E,. When the switch is in 
the on condition, then both junctions are biased in the 
forward direction. The a-c impedance represented by 
each junction is then low and transmission is allowed 
in either direction. 


Ferromagnetic Devices 


Magnetic Amplifier. The operation of magnetic am- 
plifiers is based on B-H saturation effects. To obtain 
amplification or control, non-linear inductors (saturable 
reactors) are used either alone or in combination with 
other circuit elements. The recent designs of magnetic 
amplifiers are an outgrowth of the simple type of satur- 
able-reactor control in which a reactor is placed in series 
with a load across a voltage source. By controlling the 
degree of saturation of the reactor by means of a signal 
into an auxiliary winding, more or less voltage is applied 
to the load. Balanced and push-pull arrangements can be 
devised to produce an amplifier which is capable of 
supplying power to motors and other devices. Feed- 
back-type magnetic amplifiers are shown in Figs. 9, 10, 
and 11. Figures 9 and 10 are of the internal feedback 
type (flux generated by load current tends to aid control 
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12. Idealized bistable transfer characteristic. 
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Fig. 13--Magnetic amplifier cireuit which may be used to 
generate an OR or an AND function, 


current in increasing output) using half-wave and full- 
wave rectification, respectively. Figure 1] shows an ex- 
ternal-feedback amplifier. (Note: The dots shown on 
windings indicate that current entering the winding 
at the dot will set up flux in the same direction as current 
entering at the dot on other windings.) 

Magnetic logic function. By using bistable magnetic 
amplifiers, switching networks may be derived which 
perform many control functions. A bistable magnetic 
amplifier behaves like a contactless relay. Without any 
moving parts, such a switch electrically isolates inputs 
and outputs, can provide high power amplification, and 
can be set or biased to switch at a net signal value 
appearing in several control windings. 

Assuming a bistable magnetic amplifier transfer char- 
acteristic as in Fig. 12 (which can be closely approxi 
mated in practice), one may realize logic functions. 
Figure 13 shows a circuit that may be used to generate 
the or function or the AND function. Whether this cir- 





cult operates as an OR or an AND depends on the amount 
of bias applied to the magnetic amplifier. 

Referring to Fig. 12, if the bias is set for —1 unit 
of control, the circuit of Fig. 13 becomes an oR gate 
because a current through either control winding will 
cause the output to increase to maximum value. 

For an AND gate the bias is set at —2 units of control, 
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Fig. 14—Hysteresis loop for a “square loop” 
memory units. 
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Basic circuit of a bistable switch. 


Fig. 16 
a transfluxor. 


Fig. 17--Flux conditions in a transfluxor: (a) blocked and 
(b) set. 
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Winding arrangement (a) and hysteresis loop (b) for 


and an output will occur only if current is present in 
both control windings. 

Actual transfer characteristics are shown below their 
respective circuits in Figs. 9, 10 and 11. The only char- 
acteristic that is truly bistable is that of Fig. 11, since 
the only stable points are maximum output and minimum 
output. The other circuits (Figs. 9 and 10) can have 
stable points on the steep portion of the curve. 

Magnetic Permanent Memory Unit. The bistable 
magnetic amplifier depends for its operation only upon 
the property of B-H saturation of the core. Another type 
of bistable memory unit can be devised utilizing the 
property of remanence in “square loop” materials. This 
type of memory unit has the advantage of not destroying 
the memorized information when power is removed. 

The distinguishing feature of cores used for the per- 
manent memory unit is a nearly rectangular hysteresis 
loop and a ratio of residual flux density, B,, to maximum 
or saturation flux density, B,, of approximately unity. The 
high value of residual induction results in an inherent 
memory characteristic. A hysteresis loop of this type is 
shown in Fig. 14. 

Magnetic states +B, and —B, are states of maximum 
residual flux density. A core can be switched from one 
set state to the other by passing a suitable pulse of cur- 
rent through a winding called a set winding. Once the 
core is set to a given state of residual magnetization, 
it will remain in this state indefinitely. To sense the 
state of the core, a primary and secondary winding are 
added and placed in a circuit such as that in Fig. 15. 
A current pulse through the set winding “sets” the trans- 
former core and at some later time the core can be 
sampled by passing a current pulse through the primary 
and measuring whether or not an output is produced in 
the secondary winding. 

Transfluxor. The transfluxor consists of a ferrite core 
having two or more apertures and an essentially rec- 
tangular hysteresis loop. The basic operational difference 
between the transfluxor and the standard memory core 
is the use of two or more holes in the core to create three 
or more distinct flux paths. The control of the flux trans- 
fer between these legs provides the output characteristics. 

Figures 16 and 17 illustrate the operation of a two- 
aperture transfluxor. Assume a d-c current pulse applied 
to winding WB with such a polarity as to saturate Legs 
2 and 3 in the direction shown in Fig. 17a. If an alter- 
nating current is then applied to WI, one-half cycle of 
the a-c will tend to increase the flux in Leg 3 and decrease 
the flux in Leg 2; but since Leg 3 is already saturated, 
no flux transfer can take place. On the next half cycle 
of a-c input on WI, the saturated condition of Leg 2 
prevents any flux transfer. Under this condition, where 
flux transfer does not take place, no voltage is induced 
in WO and the transfluxor is said to be “blocked.” 

Now assume that a d-c pulse is applied to WS of just 
sufficient energy to exceed the coercive force in Leg 2 
and to switch its sense of magnetization. but of in- 
sufficient energy to switch the flux in Leg 3. In this new 
condition (Fig. 17b), an alternating current applied to 
WTI will produce an alternating flux flow around the 
small aperture. This alternating flux flow will, in turn, 
induce a voltage in the output winding WO as long as 
the a-c is present in winding WI. This condition is 
spoken of as being the “set” condition. 

As described above, the transfluxor can control the 
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transmission of a-c power according to a level set by a 
single pulse, and furnish an output determined by the 
stored pulse for an indefinite length of time. It will 
be noted that the transfluxor is basically an on-off 
switching device. Therefore, it is possible to build com- 
plex logic circuits utilizing several transfluxors. However, 
transfluxors with more than two holes may also be used 
to perform more complex logic operations. 


Packaged Logic Units 


Computer Applications. In the last six or eight years 
an increasing number of firms has been producing 
packaged logic units intended primarily for applications 
in high-speed computing and digital-control work. While 
many of these units are adaptable to machine control 
systems, most of them are relatively expensive due to 
the incorporation of circuit refinements which permit 
operation at high repetition rates. In machine control 
systems, where extreme high-speed operations are not 
necessary, the added costs produce no exploitable charac- 
teristics and the use of such units is probably not eco- 
nomically advantageous. 

Machine Control Applications. In early 1955 
Westinghouse released a series of static switching units 
intended primarily for machine control applications. 
Since that time several other competitive units have 
appeared. The units described below will give some in- 
dication of the types of units that are available today 
for machine control and data processing applications. 

Westinghouse Cypak: Westinghouse produces a series 
of seven or eight plug-in units with which it is possible 
to implement the basic logic functions. These units are 
built around a variation of the magnetic amplifier called 
the Ramey amplifier which consists of a single gating 
and a single reset winding wound on a toroidal core. 
The basic Ramey amplifier circuit is shown in Fig. 18. 

If there is no input signal present, Ep and E, (180 
deg out of phase) alternately switch the core from nega- 
tive to positive saturation and no output is obtained. 
If an input signal of the proper phase is present, diode 
CR2 prevents the flow of any reset current. The core will 
remain at positive saturation and an output will be 
obtained on succeeding pulses of Eg. 

The response time is therefore 1% cycle. The diode 
CR3 in conjunction with the d-c bias is used to improve 
the impedance characteristics of the reset circuit and 
diode CR4 is used to improve the output voltage charac- 
teristics. The output power of this unit is less than a 
watt, but is sufficient to drive up to eight similar units. 
Variations of this basic circuit are used to obtain AND 
gates, memories, etc. Diodes are used for or functions. 
A complete line of auxiliary apparatus including powe1 
supplies, amplifiers and mounting hardware is available. 

General Electric Industry Control Department: The 
Industry Control Department’s line of plug-in units for 
machine control applications is composed basically of 
full-wave amplistats with multiple windings on a single 
toroidal core. It is possible by means of bias adjustments 
and varying input connections to generate any one of a 
number of logic functions with a single unit. 

Referring to Fig. 19, the algebraic sum of the control 
currents in the bias winding, the “on” winding and the 
“off” winding fixes the degree of core saturation and 
determines whether an output will be produced. If input 
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Fig. 18—Basic Ramey magnetic amplifier circuit. 
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ate various logic functions. 


a. 4 
Bias 5 
x Feedback 


—) 


iNding 
S w 


re 


c 
ee) 
eC Gate Pulse 
= os winding power 

~ nput 


4 
oO i oO > « 
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rate cores to avoid false output as a result of cumulative input 
signal deviations. 


voltages to the device are not carefully controlled, it is 
possible that the cumulative error in control current could 
cause false operation. Since input and output are full- 
wave rectified d-c, no phasing problems are introduced. 
Various AND-OR combinations can be obtained with one 
unit by varying the bias current. Diode circuits are 
utilized for straight OR gates and one unit makes use of 
a transistor as an isolation switch. All the logic units 
have an output of less than one watt, which is sufficient 
to drive a number of similar units. 

General Electric General Purpose Control Department: 
The units produced by the General Purpose Control De- 
partment are basically half-wave magnetic amplifiers. 
Each plug-in unit is designed to perform a single logic 
function rather than a number of functions as is the 
case with the Industrial Control units. 

In the circuit shown in Fig. 20, the control windings of 
AND gates are wound on separate cores which share the 
bias, feedback and gating windings. Under these condi- 
tions there is no possibility of cumulative input signal 
deviations producing a false output condition. In or 
units, all windings are placed on the same core. A 
special power supply producing square-wave pulses at 
120 per sec is required to operate the units. The single 
output is less than one watt, but is capable of driving 
up to ten similar units. All necessary auxiliary equip- 
ment is also available from General Electric. 

Vagnetics, Inc.: Control, a Division of Magnetics, 
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Fig. 21—Combination of multi-winding units to perform a 


particular function. 


Inc., produces a series of saturable reactors designed ex- 
pressly for switching applications. The operation of the 
units utilizes basic magnetic amplifier principles. The 
units, which come with four and five isolated control 
windings, have no bias winding as such and the control 
windings are completely isolated from the a-c power 
windings. A typical combination of these units to per- 
form a switching function is shown in Fig. 21. No in- 
ternal rectifiers are used so that the user may wire 
the units for either a-c or d-c output. The units, which 
come in ratings of 15, 75, 150 and 300 volt-amp, utilize 
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Computer Control Company: This firm produces a 
line of plug-in units as listed below. The units are all 
the same size (274 x 4 x % in.) and are designed for 
pulse circuit operation up to 100 kc. All utilize diodes 
and/or transistors: 


a) a bi-stable flip-flop 

b) a pulse amplifier for amplification and pulse shaping 
c) seven different AND gates 

d) an OR gate containing two separate OR circuits 

e) an emitter follower for coupling usage 

f) an inverter amplifier (NoT element) 

g) a mono-stable unit 

h) a 100-ke pulse oscillator 

i) a variable frequency oscillator 


Magnetic Research Company: This company produces 
a number of plug-in magnetic components intended for 
use in computers and business machines. The basic 
elements are unit core assemblies with varying numbers 
of windings on a toroidal core. The units are suitable 
for usage in shift registers, multipliers and various types 
of converters. 

Engineered Electronics Company: Two lines of plug-in 
units are produced. One series utilizes germanium units 
packaged in cylindrical cans about 74 x 244 in. The 
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second line is a group of plug-in units using silicon 
components for high-temperature operation. These units 
take the form of printed circuit cards about 24% x 3 in. 

Computer Research Corporation: Computer Research 
produces a flip-flop utilizing the effects obtainable from 
a ferroresonant circuit. A special oscillator for driving 
the ferroresonant flip-flops is also supplied. The units, 
which occupy 14 cu in., are directly applicable to count- 
ing circuits. 

Small Magnetic Amplifiers. Several firms, such as 
Airpax Electronics, Incorporated and Acromag_ Incor- 
porated, produce units with linear, phase-reversible, un- 
filtered d-c outputs on the order of 50 milliwatts. Such 
units might find application in machine control systems 
that also have requirements for linear control functions. 
These small devices generally require 400-cycle excitation 
and come packaged as plug-in units. O00 
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1959 Design Engineering 
Conference and Show... 


. . » to be held in Philadelphia May 25-28 . . . will explore mechanical, 


electrical and materials aspects of product design. 


FOLLOWING THE PATTERN ESTABLISHED 
two years ago at the Design Engineer- 
ing Conference held in New York City, 
the technical program of the 1959 Con- 
ference will include two middle days 
with three simultaneous technical ses- 
sions each, bracketed by single sessions 
of general interest on the opening and 
the last day of the 4-day conference. 
The 1959 Conference is being held 
under the sponsorship of the Machine 
Design Division of the Philadelphia 
Section of the American Society of 
Mechanical Engineers. The Conference 
Show will both 
Hall, Phila- 


and the concurrent 
be staged at Convention 
delphia. 

The Design Engineering Show, under 
the management of Clapp and Poliak, 
Inc., will be open from 12:00 noon un- 
til 5:30 p.m. Monday, Wednesday and 
Thursday, May 25, 27 and 28 and from 
noon until 9:30 p.m. on Tuesday, May 
26. The show will be made up of more 
than 400 exhibitors representing leading 
manufacturers in the fields of: electri- 
cal and electronic components; me- 
chanical components; 
pneumatic parts; 


hydraulic and 
power transmission 


equipment; metals, shapes and forms; 
nonmetallic materials, finishes and coat- 
ings; fasteners and engi- 
neering equipment and services; and 
publications. All exhibits will serve the 
interests of design engineers. 


adhesives; 


Papers for the conference were ar- 
ranged for by a special ASME Aux- 
iliary Papers Committee of the Machine 
Design Division, consisting of editors of 
four design engineering publications: 
Robert E. Abbott, Product Engineering; 
Colin Carmichael, Machine Design: 
Henry R. Clauser, Materials in Design 
Engineering; and Frank J. Oliver, 
ELectricaL MANUFACTURING. 

At the time of registration, 
registrant will receive bound copies of 
all the papers presented, except those 


each 


in Session I. Papers presented at Ses- 
sions II through VIII will also be avail- 
able separately until February 1, 1960. 
Papers can be ordered individually by 
paper number (59-MD- ) from the 
ASME Order Dept., 29 West 39th Street. 
New York 18, N. Y. Papers are priced 
at 80¢ each (40¢ to ASME members). 
Registration fee for the conference and 
show is $10 ($5 for ASME members). 


Program of Conference Papers 


Monday, May 25, 10:00 a.m. 


Session I, Engineering Design Over- 
seas—Co-Chairmen: Frank W. Barker, 
chairman of the board (ret.), Research 
Corporation; Carl W. Besserer, assistant 
program director Program, 
Space Technology Laboratories, Inc. 


Minuteman 


Engineering Design in Germany 
Hellmuth Walter, director of research, 
Worthington Corp., Harrison, N. J. 
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Discussed will be the technical educa- 
tion of German engineers, the role of the 
engineering executive in German industry, 
loss of German engineering talent to the 
USSR, and the relationship of engineering 
to other phases of an industry, Following 
the paper will be a question and answer 
panel session. 


Tuesday, May 26, 9:30 a.m. 


Session II, Materials —Co-Chairmen: 


John C. Redmond, Pittsburgh; Robert N. 
Peterson, supervisor, Application Design 
Group, E. I. duPont de Nemours & Co., 
Inc, 


Latest Developments in Plastics for 
High Temperature Service (Paper No. 
59-MD-1)—Irving J. Gruntfest, materials 
studies, Aerosciences Laboratory, Missile 
and Space Vehicle Department, General 
Electric Co., Philadelphia. 

Paper analyzes the thermal conditions 
met in high speed aircraft and missile 
applications and describes in detail the 
four stages that the material may go 
through. These are: (1) no temperature 
gradient at the surface, the heat input 
being exactly balanced by the radiation 
from the surface; (2) equilibrium tem- 
perature above the melting temperature 
of the material and there is a slow re- 
cession of the surface; (3) heating is 
sufficiently severe to cause vaporization of 
the plastic material; and (4) chemical 
reactions occur. Paper covers the phenol- 
ics, graphite, Teflon, glass-reinforced phe- 
nolics, and other plastic materials of the 
thermosetting type. Tables and graphs are 
included, 


Latest Developments in Metals and 
Ceramics for High Temperature Serv- 
ice (Paper No. 59-MD-2)—Julius J. Har- 
wood, head, Metallurgy Branch, Office of 
Naval Research, Department of the Navy. 

Changing requirements for materials for 
high temperature operation have brought 
about different approaches and emphasis 
in the development of new types of high- 
temperature materials. Paper will discuss 
briefly the current approaches to the prob- 
lems of high temperature and will attempt 
a comparative evaluation of materials with 
respect to their high temperature capa- 
bilities, potentialities and limitations, Fu- 
ture trends in materials research and de- 
velopment will be forecast. 

One of the important features of the 
current picture is growing recognition of 
the necessity of considering materiais, 
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environment and design as an integrated 
system. 


Session III, Power & Control—Co- 
Chairmen: Donald G. Dutcher, chief 
electrical engineer, Hanson-Van Winkle- 
Munning Co.; R. W. Barnitz, chief elec- 
trical engineer, Jones & Laughlin Steel 
Corp. 


Variable-Speed D-C Drive Systems 
(Paper No. 59-MD-3)—M. H. Sluis, 
electrical engineer, Pratt & Whitney Co., 
Inc., West Hartford, Conn. 

Presented from the user’s point of view 
are the relative characteristics, advantages, 
limitations, relative costs and other per- 
tinent information and data relating to 
the three commonly used methods for 
obtaining variable-speed control on d-c 
motor drives. After explaining the prin- 
ciples of operation of each of the three 
systems—multiple-field generators, mag- 
netic amplifiers and thyratrons—relative 
speed of response, reliability, power range, 
efficiency, cost, speed range, size and 
weight are discussed. Paper is specifi- 
cally written for machine designers who 
may be required to make recommenda- 
tions as to the type of drive for a given 
application. Paper deals with the relative 
performances of the drives and the prin- 
ciples on which they operate, but avoids 
detailed electrical design. 


Power Conversion 
Devices: (Paper No. 59-MD-4)—J. J. 
Rheinhold, vice president, Richardson- 
Allen Corp., College Point, N. Y. 

A source of dependable d-c power has 
become an essential requirement for effi- 
cient operation of today’s manufacturing 
plants, whether this be for the drive and 
control of automatic machinery or for use 
in the large power-consuming electrochem- 
ical process plants. The semiconductor con- 
version method offers a convenient, eco- 
nomical and efficient means of supplying 
this demand over a wide range of appli- 
cations, Even applications of very large 
power requirements which were previously 
served exclusively by rotating machines or 
mercury vapor rectifiers are now 
supplied by the newer semiconductor 
devices. This paper compares the cha: 
acteristics of the present-day 
ductor devices and their 
applications. 

Characteristics of four types of static 
rectifiers are copper oxide, 
selenium, germanium and silicon. Factors 


Semiconductor 


being 


semicon- 
optimum 


compared: 


to be considered include voltage ratings, 
voltage and current surge performance, 
adaptability to parallel operation, series 


operation, operating temperatures, _ life, 
efficiency and effect of environmental con- 


ditions. 


Session IV, Mechanical—Co-Chairmen: 
Francis L. Jackson, technical director, 
Franklin Institute Laboratories for Re- 
search and Development; T. R. Rideout, 
consulting engineer, Port Chester, N. Y. 


Design and Application of Belts, 
Chains and Gears (Paper No. 59-MD-5) 
—E. S. Cheaney, W. C. Raridan and 
C. L. Paullus, principal engineers, Prod- 
uct Development Division, Battelle 
Memorial Institute, Columbus, Ohio. 

Because many means are available for 
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the transmission of power, the search for 
an optimum design is becoming more and 
more complex. Three important factors 
must be considered: function, life and 
cost, This paper reviews belts, chains 
and gears and discusses some of the ad- 
vances which have been made over the 
past few years. It also presents a method 
for the preliminary selection of the most 
suitable drive means based on a compari- 
son between drive requirements and drive 
characteristics. No attempt is made to 
go into detailed design data, theory, or 
examples of a number of drives. The 
authors have provided an _ extended 
bibliography. 


Clutch—Fluid Coupling—Torque 
Converter, Application Considerations 
and Performance Comparisons (Paper 
No. 59-MD-6)—Robert W. Bachmann, 
application engineer, Hydraulic Division, 
Twin Disc Clutch Co., Rockford, Tl. 

Based on a given prime mover, the 
clutch, fluid coupling and torque con- 
verter are compared as to output torque, 
engine speed, engine torque, output horse- 
power and working range. The clutch 
drive is suitable if the operating loads 
are constant and shock and vibration are 
held to a minimum. The fluid coupling is 
suitable for constant-speed, constant-load 
applications and also offers shock and 
vibration protection. For varying 
the torque converter is most suitable. 
However, curves and charts show that no 
particular type of drive is categorically 
superior to others. The performance re 
quirements and operating conditions of 
the driven machinery and the prime 
mover must be analyzed before any drive 


lo ids, 


is selected. 


Wednesday, May 27, 9:30 a.m. 


Session V, Materials 
E. H. Phelps, assistant division chief, 
Chemical-Metallurgy Division, Applied 
Research Laboratory, U. S, Steel Corp.; 
R. V. Vandenberg, head, Finishes Section, 
Process Development Laboratories, Alum 
inum Company of America. 


Co-Chairmen: 


Latest Developments in Materials 
to Resist Chemical Corrosion (Paper 
No. 59-MD-7)—S. W. Shepard, materials 
engineer, Chemical Construction 
New York, N. Y. 

In the last few years there have been 
many improvements in existing materials 
and many developments in new forms, new 
combinations, and increased availability 
and effective use of these materials where 


Corp., 


resistance to corrosion is a prime factor. 
New aluminum alloys have higher strength 
and better weldability and still retain 
excellent corrosion resistance, Aluminum 
also is being anodize-coated for greater 
corrosion, abrasion and galling resistance. 
The hardenable grades of stainless steels 
give higher strengths without loss in cor 
rosion resistance. Ductile iron is now con 
sidered a replacement material for gray 
iron, malleable iron, or steel in corrosive 
atmosphere. Plastics and elastomers are 
being used to resist chemical corrosion. 
Fluorocarbons are more workable, and the 
forms have properties which are now be 
ing exploited. 
their scope through changes in form and 


Ceramics have widened 


the protective coating industry has new 
combination coatings that show great 
promise. 


Latest Developments in Materials 
and Coatings to Resist Atmospheric 
Corrosion (Paper No, 59-MD-8)—E. 
Burt Friedl, principal chemist, Corrosion 
Research Division; Louis J. Nowacki, as- 
sistant chief, Organic Coatings Research; 
and William H. Safranek, assistant chief, 
Electrochemical Engineering Division 
Battelle Memorial Inst., Columbus, Ohio. 

Briefly reviewed are some of the recent. 
advancements in combatting deterioration 
of materials by weathering. Specific con- 
sideration is given to the protection of 
steel by organic or metallic coatings. 
Materials selected must be designed to 
meet requirements of the particular en- 
vironments in which they are to be used. 
Those which give the best performance 
under average conditions of outdoor ex- 
posure in a given climate may perform 
poorly when used in heavy industrial 
atmospheres, near chemical fumes, o1 
when subjected to salt spray. A_ bibli 
ography is included which references 
specific materials, methods of protection, 
how to design against specific corrosive 
atmospheres, and other factors pertinent to 
atmospheric corrosion. 


Session VI, Power & Control—Co- 
Chairmen: Jay W. Picking, manager, 
Control Division, Reliance Electric and 
Engineering Co.; A. M. Kimball, manager, 
digital control engineering, Director Sys- 
tems Department, Westinghouse Electric 
Corp, 


Digital Systems for Control Appli- 
cations (Paper No. 59-MD-9)—TIsaac L. 
Auerbach, president, Auerbach Electronics 
Corp., Narberth, Pa. 

The versatility of digital techniques pro- 
motes a variety of applications, many 
differing widely in their modes of opera 
tion and end results. Most control systems 
can be lumped into two basic categories: 
point-to-point positioning and contouring, 
the latter concerned primarily with the 
path of the movement, Machine-tool con 
trol represents an alliance of many dis 
similar fields of interest: mechanics, elec 
tronics, pneumatics, hydraulics. Firm sys 
tem design must encompass all of these 
areas if an efficient machine is to result. 
The machine must be designed for the 
control, and the control for the machine 

What is the optimum system design for 
a particular control application? Analog 
or digital? Binary or decimal? There is 
no simple solution to the problem of de 
fining the optimum system. Some of the 
design must be intuitive, even though the 
rules of machine tool design have been 
carefully defined by the contributions of 
digital computation, basic circuit tech 
niques, input-output devices, memory ele- 
ments, and packaging concepts. 


Logie Circuits for Machine Control 
(Paper No. 59-MD-10)— Edgar V. Weir, 
consulting engineer, Magnetics, Ine., 
Butler, Pa. 

Specific examples set forth in detail 
the advantages and limitations in the 
application of relays, contactors, and the 

(Continued on page 190) 
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High-Performance Fan Engineered for Low Cost 


A STANDARDIZED FAN UNIT designed to 
permit flexibility in application and 
to be low in cost in order to serve the 
needs of equipment designers in a wide 
range of product fields was the target 
set by the Rotron Manufacturing Co., 
Inc. in a development program that 
has resulted in the new “Muffin Fan,” 


Fig. 1—The new “Muffin Fan” developed 
for efficient forced-air cooling of elec- 
tronic and other equipment. In addition 
to being low in cost, the fan is lubricated 
for life and is exceptionally quiet in 
operation, 


Fig. 2—Integral assembly of motor rotor 
and fan blades, mounted on a cantilever 
bearing. The shaded-pole motor draws 
13 watts. The stator and all electrical 
parts including two input terminal lugs 
are molded into a watertight shell; the 
fan is not subject to humidity damage, 
being in fact submergence proof. 
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Fig. 1, which is 5 in. square by 1% in. 
deep. 

Rotron has long been a_ leading 
producer of 


devices for 


cooling 
military and_ electronic 
having 


motor-operated 


environ- 
mental and performance requirements. 
The successful evolution of the new 
unit that was to offer top performance 
and reliability at commercial product 
price levels involved detailed develop- 
ment of production methods in close 
relation with the air-flow and motor 
engineering and design. 

The new fan design is a specialized 


equipment rigorous 


self-contained unit engineered to ac- 


complish a particular function (in 
this case to move air for cooling) as 
opposed to the approach to fan design 
that involves the separate selection of 
motor, impeller and assembly hard- 
ware. The fan structure employs the 
inside-out which the 
rotor and fan blades are integral (Fig. 


principle, in 


2), running on cantilevered bearings. 
The envelope dimensions and the 
overall performance, Figs. 3 and 4, 
were fixed by considering the great- 
est adaptability to the needs of the 
greatest number of fan users and 
applications. 

Particular design details were adopt- 
ed after extensive study and experi- 
mentation with alternative materials 
shaft, 
steel, 
hardened and ground to a high degree 
of finish. No serews or threaded holes 
are used in the fan assembly. The 
main body of the unit, which includes 
the motor laminations, wire, the bear- 
ing and the holding bracket, is one 
rigid assembly held together with an 
epoxy encapsulating resin. The spider 
legs, Fig 2. are reinforced with fiber 
glass rods. The venturi block (that is, 
the outer shroud of the fan blade) 
was originally conceived as a die cast- 
ing but was finally successfully de- 
veloped as a molded phenolic part 
needing no secondary machining or 
finishing operations. 

According to Rotron, when flushing 
an enclosure containing heat-dissipat- 
ing components, the temperature rise 
of air passing through the enclosure 
will be 


and constructions. The motor 
for instance, is high carbon 


3170P 
0 


where 7 is temperature rise in deg 
F, P is heat dissipation inside the 
equipment to be cooled in kw, and Q 
is the actual amount of air moved, 
taken from the performance curve, 
Fig. 4. 

Unlike centrifugal blowers, the shaft 
load on axial-flow propeller fans in- 
creases with decreasing airflow. Below 
approximately one half the maximum 
possible airflow, a condition occurs in 
which turbulence around the blade 
rises sharply and mechanical efficiency 
decreases while noise increases. The 
Muffin fan should be used at any 
point on its performance curve — be- 
tween 50 and 100 per cent of — its 
maximum volume capability. As in- 
dicated in Fig. 4. the fan delivers 100 
cfm at free delivery and 85 cfm at 
0.1 in. water static pressure. With the 
grille assembly in place, these figures 
become 95 and 60 cfm, respectively. 
For larger volumes of air, two or more 
of the fans can be mounted in parallel. 


Fig. 3—-Dimensions of the Muffin fan. 


STATIC PRESSURE 
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performance. 
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Silicon Units Replace Mercury-Vapor Rectifiers 


IN THE CONTINUING SEARCH for a re- 
placement for mercury-vapor tubes in 
d-c power supplies for communication 
equipment, International Rectifier Corp. 
has developed a silicon-cartridge recti- 
fier which should solve some of the 


Silicon-cartridge rectifiers rated at 250 
ma at 6400 peak inverse voltage. Units 
are 5 in. high, 2% in. diam. 


Evaporative-Gravity 
Cooling for a 
High-Voltage 

Resistor Package 


M. MARK* 

and 

Cc. E. GOLTSOS 

RAYTHEON MANUFACTURING COMPANY 
Wayland, Mass. 


IN ELECTRONIC ASSEMBLIES where high 
voltage and high heat dissipation 
occur, immersion in silicone-base oils 
has found wide acceptance by the de- 
sign engineer for transferring heat 


*Consulting engineer, 1384 Massachusetts Ave., Cam 
bridge, Mass. 


Fig. 1—Schematic of evaporative-gravity 
(ev-grav) cooling system. 
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standard problems. The latter include 
the mercury vapor tube’s (Type 866 is 
the most common) inability to operate 
over a wide temperature range (0 to 50 
C are the limits), its short life, its high 
heat generation and, with the necessary 


filament transformer, its space and 
weight requirements. 

The silicon-cartridge rectifier is an 
assembly of silicon cells, mounted on 
a plug-in base with radial cooling fins 
for optimum power dissipation. A com- 
parision of the various characteristics 
of the 866 tube and the silicon cart- 


ridge is given in the table. O00 


Comparison of Characteristics of Two Types of Rectifiers. (Figures 
are based on two units of each type in full-wave rectifier circuit.) 


Type 866 Tube 


Temperature range 0to + 50C 


Life only 1000-hr guarantee 


Warm-up time 1 to 10 min 


Heat generation 25 watts 


Additional components 
needed relay 


Max occupied volume 
Weight 


Current rating at rated 
peak inverse voltage 


Mechanical construction 


70 cu in (with filament transformer) 


250 ma at 2500 piv to 10,000 piv* 


fragile glass envelope 


Silicon cartridge 

65 to +75C 
apparently unlimited 
none 


6.5 watts 


filament transformer and time delay none 


22 cu in. 


7 lb (with filament transformer) 7 oz 


250 ma at 6400 piv 


rugged, shock proof 
package 


erse voltage rating depende: ton temperature and frequency 


from components to a heat exchanger 
and for providing proper 
characteristics. 


dielectric 
However. with = de- 
mands for further reduction in- size, 
increases in voltage. and higher heat 
dissipation, such potting techniques 
become inadvisable. 

\ promising method of transferring 
heat from electrical parts to a_ heat 
exchanger with minimum temperature 
differential is to utilize the extremely 
high heat transfer coefhicients available 
when a fluid boils and condenses. The 
heat exchanger is placed at the top 


package, and the 
fluid boils off the surfaces of the parts, 
rises as vapor to condense on the heat 


of the electronic 


exchange surface, and drops back as 
liquid to repeat the cycle. Figure 1 
schematically shows such an arrange- 
ment. By selection of the proper fluid, 
dielectric requirements are readily 
satisfied. 

This technique, called evaporative- 
gravity or “ev-grav” cooling, has been 
successfully applied to electronic com- 
ponents. Further study and experimen- 
tation have yielded useful information 


quid leve 


Resistor package designed for use with Coolanol-45. 
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for extending evaporative-gravity cool- 
ing to entire packages.t A practical 
example of this technique applied to 
a high-voltage resistor package is de- 
scribed below. 

The resistor package used in this 
development contained 10 flat rectang- 
ular resistors. Cooling was originally 
accomplished by immersing the resis- 
tors in Coolanol-45 and allowing natu- 
ral convection to transfer the compo- 
nent heat to a heat exchanger through 
which water was circulated. A_ sche- 
matic representation of this package is 
show in Fig. 2. 

The water flow rate allowed was 0.75 
gal/min. The 
curve for this system is shown in Fig. 
3 for dissipations of from 500 to 2000 
watts. Voltage - to - ground requirement 
was 35 kv, and the specification re- 
quired storage of the package at —65 
F 


The physical characteristics of the 


cooling performance 


1‘An Evaporative-Gravity Technique for Airborne 
Equipment Cooling,” M. Mark, M. Stephenson and 
C. E. Goltsos, IRE Transactions on Aeronautical and 
Navigational Electronics, Vol, ANE-$, No. 1, March 


1958, p 47. 
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pation. wott 


Fig. 3— Resistor surface-temperature rise 
above water inlet vs heat dissipation in 
watts. (Constant water flow at 0.75 gal/ 
min.) 


guid /évé 
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Fig. 4- Schematic of resistor package for 
use with FC-75 (ev-grav). 
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package appeared to make possible an 
immediate substitution, replacing the 
Coolanol-45 by a refrigerant with 
properties suitable for the evaporative- 
gravity cooling technique. From the 
package requirements, however, the 
refrigerant to be used within the pack- 
age had to have: (a) excellent dielectric 
properties, (b) good heat-transfer prop- 
erties, (c) low vapor pressure at operat- 
ing temperatures, (d) low freezing 
point, (e) compatibility with the electri- 
cal and mechanical hardware of the 
package, (f) high chemical stability and 
(g) non-toxic and non-flammable char- 
acteristics. A  fluorochemical, FC-75, 
was chosen because it satisfied these 
requirements. Test results proved this 


Electrochemical 
Method of 


Part Marking 


THE MARKING OF PARTS (for identifica- 
tion, instructions for use, or proof of in- 
spection) for an electrical or electronic 
assembly is a production problem which 
often becomes a part of the design of 
the part. The use of inks and paints is 
usually unsatisfactory because they have 
poor abrasion and weather resistance. 
Also, they usually require an antifungus 
treatment. Sandblasting and embossing 
are other methods that, in some cases, 
are not acceptable because of the pos- 
sible damage they can do to the part. 

A solution to many of these problems 


Fig. 1 


refrigerant and the new technique to 
be quite successful and effective in 
cooling. The resulting performance 
curve for the ev-grav system is also 
shown in Fig. 3 to permit comparison 
with the original Coolanol-45 system. 
The large improvement in cooling 
effected by applying the ev-grav tech- 
nique is readily apparent. 

A redesign of this package is cur- 
rently underway to reduce its size and 
and take advantage of both the high 
electric strength of FC-75 and the 
improved heat transfer. As a first esti- 
mate, the reduction in height and num- 
ber of required resistors expected to 


result from such redesign is shown in 
Fig. 4. Oooo 


is provided by “electrochemical” mark 
ing. Developed by The Electromark 
Corp., Cleveland, Ohio, this method 
operates on the principle of electro- 
plating. Permanent marks are made on 
conductive surfaces by the use of a 
marking fixture faced with a_ stencil 
and supplied with the proper electro- 
lyte. The fixture can be either hand- 
operated (Fig. 1) or automatic. 
Stencils can be prepared on any 
standard typewriter, and are easily 
changed or corrected. Three types of 
marks can be made: (1) a plated mark 
(deposited metal); (2) an_ etched 
mark; and (3) a mark created by the 
oxidation of the base material. To pro- 
duce a plated mark, a ground clip is 
connected to the part to form one 
electrode. The other electrode, to which 


Electrochemical marking machine can be used to mark parts by depositing metal, 


etching, or oxidation of basic material. Power supply in unit contains tapped transformer 
and full-wave bridge rectifier to provide d-c for plating marks or a-c for oxide marks. 
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a d-c voltage is supplied, is in the 
marking tool and is faced with an 
absorbent pad and the stencil. The plat- 
ing solution is forced from the absorb- 
ent pad through the stencil and _ is 
electrically deposited on the part. 

An etched mark is made by reversing 
the power supply to the marking tool 
so that “deplating” occurs and the basic 
metal is removed. By using the proper 
electrolyte, the etched mark may be 
given a white character. The depth of 
the mark may be easily controlled from 
2 or 3x 10° in. to several thousandilis 
of an inch, 

An oxide mark is created by using 
an a-c supply so that material is alter- 
nately removed from the part, converted 
to an oxide by the electrolyte in the 
absorbant pad, and then redeposited 
on the part. In the case of ferrous 
metals, the oxide mark consists of stable 
ferrous oxides, not ferric oxide, which 
is rust. A sample of an etched mark is 
shown in Fig. 2. 

The electrolyte used in the process 
is neither strongly acid nor alkaline. 


Electromagnetic Field 


Powers Self-Identifying 
Remote ‘‘Transmitter’’ 


TAPE OR CARD PROGRAMMED, self-pow- 
ered railroad cars that automatically 
pick their way 


through a maze of 
switches from one end of the country to 
another may seem like a wild dream. 


switching control. 
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“Tracer” system for railroad car location and identifica- 
tion. Interrogator coil beneath track sustains an alternating 
field that energizes coded response unit on car moving over it. 
Response unit sends back modulated signal that is detected by 
the interrogator coil and demodulated by interrogator as a 
10-digit alpha-numeric identification number to which can be 
added time and location codes for logging or subsequent 


Fig. 2 


dation. 


Kxample of part marked by oxi- 


Electrolytes are compounded and chosen 
to work over the wide range of current 
densities required for each material 
concerned. To avoid galvanic action, the 
electrolytes are made up of salts which 
do not form stable compounds. With 
some metals, such as titanium, zir- 
conium, or uranium, marks of various 
colors can be produced. The hardness 
of the material being marked has no 
bearing on the ease of marking and ali 
marks are impervious to organic solv- 
ents. Rounded surfaces may be marked 


as easily as flat ones. O00 


But a unique identification and control 
system trade-marked “Tracer,” devel- 
oped by the Palo Alto R & D Labs of 
Link Aviation, Inc. of Binghamton, 
New York, now makes it possible to 
“tie” moving vehicles to data-process- 
ing equipment (Fig. 1) and_ brings 
automatic transportation control one 
important step nearer reality. 

The basic Tracer system consists of a 


pre-coded “response block” (Fig. 2) 


Fig. 2 


and an “interrogator.” The response 
block contains no power source, But 
when energized by a magnetic field 
emitted from the interrogator, the re- 
sponse block sends back a coded mes- 
sage that is received by the interrogator 
and demodulated for read-out or data- 
processing equipment. 

Initial application is for railroad 
equipment to identify, locate and log 
freight cars in the switchyard, a func- 
tion now performed manually by spot- 
ters. The wayside interrogator unit is 
connected by two coaxial lines to a 
single-turn conductor placed under the 
tracks. For patent security, circuit de- 
tails have not been disclosed, but 
operation is basically as follows: An 
alternating current is fed through one 
coaxial line into the 3 x 3 ft loop to set 
up an electro-magnetic field about the 
loop. When the response block—an en- 
capsulated unit 4x 4x 1 in. attached to 
the underside of the car—passes 
through the interrogation field, the unit 
is momentarily energized. An alternat- 
ing signal is induced in a ferrite-rod 
antenna of the response unit, passes 
through a modulating circuit, and is 
transmitted back via a second antenna 
to the coil under the track. The modu- 
lated signal then goes to the interroga- 
tor through the second coaxial line, 
where it is demodulated. The decoded 
signal, consisting of four letters and 
six digits, identifies the box car. The 
interrogator can also add its own 
location code. Several loops on adja- 
cent tracks can be monitored at one 
time. 

The response block need be only 
1 to 5 ft from the interrogator coil and 
interrogation is completed within a few 
milliseconds; cars can therefore be 
completely identified while moving at 


Response block for mounting on railroad car, Solid-state 
unit has no internal power source, is energized by external 
alternating magnetic field. Signal induced in one ferrite-rod 
antenna passes through transistor-magnetic-core code-modulating 
circuit and out the second antenna. Circuit can be designed to 
transmit any one of two million 10-digit codes. Unit will operate 
completely submerged or iced-over, from —70 to +140 F, sub- 


jected to 100-g shock. Weight, approx 1 Ib. 
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speeds up to 100 mph. The interrogator 
draws 25-30 watts, but only a few milli 
watts are required to energize the re- 
sponse block. 

The interrogator occupies approxi- 
mately 2 cu ft and can be located up 
to 1000 ft from its coil. The single-turn 
coil can be a copper or aluminum 
heavy-gage insulated wire or strap up 
to 100 ft long. This flexibility will per 
mit Tracer applications to other vehicle 
identification and location problems 
such as monitoring buses enroute o1 


grounded aircraft at a terminal. 


(Editor's note: If this system (under 
study by the Chicago Transit Authority) 
can eliminate 10-buses-in-one-block pile-up 
during rush hours, Tracer’s inventor 
Clarence S, Jones should rate a special 


congressional medal.) 


Knurl-and-Groove 
Design Improves 
Miniature Gear 


and Link Assembly 


\ METHOD DEVELOPED av Librascope, 
Inc., Glendale, Calif., introduces broach 
knurling for mounting miniature pre- 
cision gears on hubs without deforma- 
tion of the gear concentricity, and for 
mounting miniature shafts on linkage 
arms where dimensions are too small 
to permit conventional fastening meth 


Fig. 1--Destructive tests of link and shaft 
assemblies in which knurl broaching wa- 
employed for joining. In the foreground, 
two shafts have been twisted to separa- 
tion; in both cases the shafts failed 
before any loosening or elongation of the 
mounting holes occurred. In the upper 
link one shaft has been twisted 360 deg 
without loosening and another has been 
bent a full 180 deg with no effect on the 
joint. 
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SIHON! 


Fig. 2--Differential is shown with one 
ring gear in place of bevel gear hub. The 
other hub has already been knurled and 
the chip groove and staking grooves cut. 


ods. Unions made by broaching prove 
to be strong enough to resist torsional 
and bending forces that would loosen 
or rupture joints made by other meth- 
ods, as is evident in Fig. 1. 

In a new miniature differential, Fig. 
2, the method is used for mounting tiny 
precision ring gears on hubs. The 2- 
pinion differential shown is used in 
analog computing equipment, fire-con- 
trol mechanisms, rate-of-change com- 
other 
mechanical equipment in which shaft 


puters, and precise electro- 
rotations must be compared with a 
high degree of accuracy. 

Careful design and precision manu- 
facturing techniques provide low iner- 
characteristics with 
minimum backlash in the differential 


tia and torque 
itself. However, side ring gears are 
subject to variation in specification and 
may be fitted to the hubs after the com- 
plete assembly of the differential. In 
most applications the side drive-ring 
gears are too small for the use of pins 
or set screws. Cutting through a gear to 
provide for a pin causes loss of con- 
centricity when thermal expansion 
takes place, and the precise tolerance 
limits may be exceeded with resulting 
increased backlash and often gear dam- 
age. Similarly, drilling and tapping the 
thin walls of a miniature ring gear for 
set screws introduces distortion, and 
the pressure exerted by a screw will 
force the outer circumference out-of- 
round. 

A fine-pitch knurl, usually 80-pitch. 
is applied to the hub surface, Fig. 3. 
This knurling increases the hub diam- 
eter by 0.004 to 0.005 in. The knurl 
pitch used is dependent on the load to 
be transmitted; the 80-pitch knurl per- 
mits at least 50-lb torque. After knurl- 
ing, a groove is machined around the 
hub at the leading edge of the knurl. 
Fig. 4. This chip groove cuts across the 
ends of the knurling and 
forms sharp edges which act as minia- 
ture broaching teeth as the ring gear 


actually 


is pressed onto the hub. As can be 
seen in Fig. 4, which shows the chip 
groove after gear has been assembled 
to the hub and then removed, the groove 
collects the metal cut from the gear 
during the assembly operation and pre- 
vents metal galling. Figure 5 shows 
the inside surface of a ring gear after 
it had been assembled to a hub and 
then removed and reveals the cleanly 


Fig. 3—Magnified view of the hub shows 
the knurled area before the chip groove 
is cut. Note the irregular edge caused by 
the knurling action. 


Fig. 4—Chip groove is machined di- 
rectly across the leading edge of the 
knurling. The sharp knurl edges cut 
cleanly into the gear surface in press 
fitting. The gear has been assembled to 
the hub and then removed to demon- 
strate how the excess metal has been 
forced into the groove. 


Fig. 5—Internal surface of ring gear 
after press fit on knurled and grooved 
hub shows cleanly broached serrations 
and lack of galling. 
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G-V Thermal Time Delay Relays... 


used in Hughes Airborne Armament Control System 


The F-102A all weather interceptor and many other planes in the U. S. and Canadian Air 
Defense Commands are fully equipped with this system developed and manufactured by the 
Hughes Aircraft Company. G-V thermal time delay relays are relied upon in all of these systems. 


In both military and industrial equipment, G-V thermal relays are providing long, 
dependable, proven service in time delay applications, voltage and current sensing 
functions and circuit protection. 


Write for extensive application data and catalog material. 


G-V CONTROLS INC. 
LIVINGSTON, NEW JERSEY 
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broached serrations resulting from the 
press fit on the hub. 

The fit that is achieved by the design 
does not require special tools for apply- 
ing the gears to the hubs. If desired 
gears may be removed and others 
pressed on after the chip grooves 
have been cleaned out. If a permanent 
assembly is required, a staking groove 
is provided in the hub. O00 


Recording Head 
with D-C Response 


DikECT LINEAR RECORDING of d-c or low- 
frequency signals from a variety of 
transducers, without amplification, 
modulation, equalization or pre- or 
post-emphasis, is promised by a_per- 
pendicular magnetic recording head 
with flux-sensitive playback described 
by R. F. Fischell and S. J. Meehan of 
Emerson Research Laboratories before 
the recent AIEE Conference on Mag- 
netism and Magnetic Materials. 
Conventional ring-type heads utilize 
the time rate of flux change which, for 
a constant flux magnitude, decreases to 
zero with decreasing frequencies. Also, 
when a wave of more than a few inches 
length is recorded longitudinally on the 
tape, the magnetic field at the tape 
surface (and therefore in the gap of a 
ring-type head) is too small to play 
back. The new system utilizes Vicalloy 
metal tape magnetized perpendicularly 


Cross ~ section of 
magnetic recording 
tape 


Magnetic 
lamination 
4 


Excitation 
winding 


Schematic of perpendicular, flux-sensitive 
recording/playback head for d-c and 
low-frequency signals. Vicalloy tape is 
magnetized across its thickness and per- 
pendicular to its direction of travel 
(into page). Playback signal amplitude 
is a function of tape magnetization within 
the gap and is independent of tape speed. 
(Source: Emerson Research Labora- 
tories.) 
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to the tape surface as the tape passes 
through the gap of a_ perpendicular 
head, as shown in the diagram. The 
magnetization in the tape is a func- 
tion of the magnitude of the flux in the 
gap at the moment of recording. During 
playback, a_ high-intensity, high-fre- 
quency magnetic field is created by 
an excitation winding that varies the 
reluctance of the head at a rate twice 
that of the excitation frequency. There- 
fore, with a constant magnetomotive 
force produced at the gap by the tape 
magnetization, a changing flux is cre- 
ated in the signal winding. Output 
voltage is directly proportional to tape 
magnetization in the gap, changing 
only as the tape magnetization changes 
from point to point. 

During recording, a 400-cycle a-c 
bias is used to improve linearity of the 
reproduced signal. At a record and 


Adhesive-Bonded 
Component Motor 


AN “INSIDE-OUT” DESIGN APPROACH that 
holds air-gap length to extremely close 
tolerances while permitting mass pro- 
duction at competitive prices has been 
initially applied to a new line of 
“Unitized” 4-pole, 59-frame shaded- 
pole and permanent split capacitor mo- 
tors developed by the General Electric 
Specialty Motor Dept., Fort Wayne, 
Ind., in ratings up through “5 hp (Fig. 
1). Smaller size, quieter operation and 
efficiencies up to 40 per cent greater 
than with motors are 
claimed as a result of the optimized air- 
gap design, hydrodynamic film lubrica- 
tion and a new insulation system. 
Air-gap length is a primary deter- 
minant of starting characteristics, efh- 
ciency and noise level. Performance 
dictates an air gap as short as practical, 
while conventional manufacturing tech- 
niques dictate a nominal air-gap length 
sufficient to “take up” cumulative toler- 
ances of rotor, stator and bearing align- 
ment. This can lead to performances 
somewhat less than optimum with no- 
ticeable motor-to-motor variations. 
The most carefully controlled dimen- 
sion of the new G.E. motors is the air 
gap. The OD of the rotor and the ID 
of the stator are closely held. The rotor 
is centered with respect to the stator 
in permanently aligned bronze sleeve 
bearings directly supported by the end 
shields, Fig. 2. Then the end shields are 
bonded to the stator. with an epoxy- 
family thermosetting resin. By an un- 
disclosed assembly procedure, the end 
shields are centered on the stator, and 
any “shimming” necessary for align- 
ment is provided by the placement of 


conventional 


playback tape speed of 0.027 in. per 
sec, a frequency response of +1 db 
from 0 to 10 cps has been obtained 
with 10 ke excitation, and crosstalk is 
down more than 50 db in multichannel 
head arrangements with 0.080 in. 
center-to-center track spacing. 

Among the advantages cited for per- 
pendicular, flux-sensitive recording are: 
(1) tapes can be operated at 1% the 
speed of carrier systems requiring five 
times as much tape, (2) all the flux in 
the gap passes through the tape during 
recording, resulting in stronger signals, 
(3) in playback the signal is an exact 
analog of magnetization intensity rather 
than of its time derivative, and (4) 
playback signal amplitude is independ- 
ent of tape speed—tape can be stopped 
and playback system will read instan- 
taneous value of recording at that 
point. O00 


adhesive between the stator and the 
end shield. The motor is held together 
entirely by the permanent adhesive 
bond; mounting bolts, when used, at- 
tach only to the end shields. 

The Unitized motors also utilize an 
epoxy insulation system that eliminates 
paper slot insulation while providing 
a claimed 4-to-1 improvement in electric 
strength with a projected life 10 times 


Fig. 1—Thermosetting resin bonds end 
shields to stator of “Unitized” 4-pole, 
59-frame shaded-pole motor for built-in 
applications. Adhesive also “takes up” 
tolerances so air-gap length and con- 
centricity can be held to a performance- 
wise optimum. 
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controlled quality 





A. Merkle 


There are three essentials to achieving quality in fractional 
horsepower geared motors. One is design. Two is construc- 
tion. The third is inspection. Merkle-Korff does all three. 


Through a continuing quality control program, with 
close tolerance standards for total composite error, 
Merkle-Korff consistently produces gears of high pre- 
cision and efficiency. 


Merkle-Korff builds in quality, too. Gears are of heat 
treated 8620 steel. Production time is increased by one- 
third, but the result is hard gear faces with plenty of 
core strength, and assurance of a maximum of trouble- 
free performance. 


— 


Keff “Blas” 


With 45 years’ experience, and millions of units in the 
field, Merkle-Korff is unique in this specialized area. 


Controlled quality, precision manufacture and a co- 
operative engineering pro- 

gram without parallel make 

Merkle-Korff the logical 

source for your fractional 

horsepower geared motor re- 

quirements. 

Consultation on your needs 

and requirements is solicited. 

Phone, wire or write. 


MERKLE-BORFF GEAR C @& 


211 NORTH MORGAN STREET 


CHICAGO 7 + ILLINOIS + MOnroe 6-1900 
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longer. Bronze sleeve bearings supply 
a continuous hydrodynamic film support 
to the motor shaft, resulting in a much 
lower friction coefficient than is achieved 
by the composition bearings conven- 
tionally used in motors of this price 
class (Fig. 3). Capillary retention felt- 
wick reservoirs have sufficient capacity, 
Fig. 4, that only annual re-oiling is 
recommended. 

To meet the specialized demands of 
the OEM market, Unitized motors will 
be available in a variety of mounting 
arrangements, shaft extensions, and con- 
nectors with enclosed, open or special 
enclosures. Design flexibility permits 
optimizing motor size, output, input 
current or temperature rise for spe- 
cific applications. 

Similar design principles are being 
extended to 32-frame, 2-pole motors 


through 20 milli-hp and universal series 
motors of various ratings. 


wh Seeene 


<— Bronze sleeve bearings sleeve <— Bronze sleeve bearings 


e SPST 
| Te. 
Typica! composition 


000 


bearings 


ie Pe 6000 
eo time without reoiling, hr. 


Fig. 4—Oil retention comparison of Uni- 
tized motor lubrication system with 
conventional composition bearings in 
sume price class, 


Specifying 
Bobbin Cores 
for Digital Circuits 


THE BOBBIN CORE using ultra-thin tapes 
wound on ceramic or stainless steel 
bobbins should be distinguished from 
the familiar tape-wound toroid com- 
monly used in magnetic amplifiers, 
saturable reactors, and other special 
transformers. The following distinc- 
tions between the two types, although 
useful for discussion purposes, are not 
to be thought of as mutually exclusive. 
Physical Distinctions. Bobbin cores 
generally use ultra-thin 479 molyb- 
denum-Permalloy tapes, nominally % 
mil, 4% mil or ¥% mil thick; magnetic 
amplifier cores customarily use tape 
thicknesses of 1, 2, 4, 6 or even 12 
mils nominal. Magnetic amplifier tapes 
may be 4-79 molybdenum Permalloy, 
50-50 grain-oriented nickel iron, or 3 
per cent grain-oriented silicon iron. 


8000 


Fig. 2—Exploded view of Unitized motor. Rotor is conventional but end shields 
carry permanently aligned, re-oilable bronze sleeve bearings and felt-wicking capillary 


retention reservoirs. 
eliminate conventional  slot-insulation 
processed in epoxy varnish. 


Stator core is coated with an epoxy resin before winding to 
paper. 


After winding, stator assembly is 








Speed, 





100 rpm 


Fig. 3—Test curves of bearing friction vs speed for competitively priced 59-frame 
motors, using (A) bronze sleeve bearings to provide continuous hydrodynamic oil 
film support and (B) conventional composition bearings. 


Bobbin cores generally have a mean 
length of magnetic path of less than 
1.5 in. (core ID of less than 0.5) while 
magnetic amplifier cores are usually 
larger. 

Bobbin cores derive their name from 
the fact that they are wound on cer- 
amic or stainless steel bobbins which 
provide support for the tape toroid 
from the very beginning of the manu- 
facturing process. A protective plastics 
jacket is often placed over the open 
edge of the bobbin to protect the mag- 
netic tape during handling and the 
winding of the wire on the cores. Mag- 
netic amplifier cores are generally 
self-supporting and.are placed in cases 
only to protect the core from the strains 
resulting from handling and the ulti- 
mate winding of the wire on the core. 

Operating Conditions. Bobbin cores 
are used in circuits where the fre- 
quencies or pulse repetition rates may 
be high as several hundred kilocycles 
per sec, while magnetic amplifier cores 
generally operate at 60 or 400 cps, 


although some applications may go as 
high as 6000 cps. 

Bobbin cores are generally used with 
rectangular or other pulses with a sharp 
rise time; magnetic amplifier cores 
usually operate under sinusoidal volt- 
age conditions. 

Bobbin Core Design Parameters. The 
design parameters of major interest 
to bobbin core users are: 

Total Flux Change (¢, max). This 
parameter, the total flux change to 
positive saturation (+-¢,) which oc- 
curs when the core is “switched” from 
negative remanance (—d¢p), is con- 
trolled primarily by the amount of 
magnetic material in the core. It is 
essentially independent of drive, when 
the drive is sufficient to saturate the 
core, and is proportional to the area a 
of magnetic material as shown in Fig. 
1. Some specifications fix the value of 
¢, by calling for a particular area, and 
vice versa. For normal production, it is 
common to hold ¢, to +10 per cent, 
although a tolerance of +5 per cent 
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New 
70 amp 
high-power 
rectifier 
from 
Westinghouse 


This latest Westinghouse rectifier has been 
designed specifically for those high-current 
applications where space and weight are 
critical. Total weight is only 3 oz., maximum. 


OUTSTANDING FEATURES INCLUDE... 

e@ Low leakage current @ Small package 

e@ High fault current (just 1" across flats) 
@ Lightweight e@ High current for 

@ Low forward drop its size and weight 


ELECTRICAL CHARACTERISTICS 

Maximum allowable peak inverse voltage: Oper- 
ating or transient to 50 to 500 volts. 

Maximum allowable dc blocking voltage: 80% 
of PIV. 

Maximum reverse current: 30 milliamperes peak 
at rated peak inverse voltage. 

Maximum one cycle half-wave peak rating: 
1200 amps. 

Operating temperature: Up to junction temper- 
ature of 190° C. 

Cell forward current: See curves. 

Operating frequency: For frequencies beyond 
1 ke, refer to Westinghouse. 

Thermal drop: Junction to case, 0.4°C/watt. 


Inquiries and sample orders are invited. For 
complete technical data contact your local 
Westinghouse representative. 


you CAW BE SURE...1F 17s 
Westinghouse 


Westinghouse Electric Corp., Semiconductor Department, Youngwood, Pa. 


AXIMUM POWER DISSIPATED 
VERSUS | 
ORWARD CURRENT PER CELL 


ance eamaseceeanaiiemannmmnned 
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may be achieved economically when 
tolerances on other parameters are suf- 
ficiently wide. For basic units of ¢,, see 
the accompanying table. 

Drive Input (H). Defined by pulse 
amplitude, rise time, pulse width, and 
polarity sequence (generally called 
pulse logic), every bobbin core spe- 
cification should contain this para- 
meter. (Fig. 2) 

Switching Time (T gy). The time it 
takes for the core to change its flux 
from —dz to +¢y at some specific 
drive input, this parameter is depend- 
ent upon many things, including the 
metallurgical structure of the tape. If 
the output winding on the core is con- 
nected directly to an oscilloscope, the 
voltage pattern shown in Fig. 3a is 
developed when the core switches. If 
this same winding is connected through 
an RC network or electronic integrat- 
ing circuit to the scope, the volt-time 
integral of the output pulse (equivalent 
to flux change) of Fig. 3b is obtained. 
The point of onset of the drive pulse 
and the point at which the core is fully 
switched are difficult to determine in 
both of these patterns because they 
occur where lines are tangent. Ac- 
cordingly, it is generally understood 
that Ty may be measured between 10 
per cent amplitude levels on the out- 
put voltage pattern or between 10 and 
90 per cent amplitude points on the 
integrated flux pattern. The latter, 
however, is not recommended because 
of differences in integrator constant 
and loading characteristics. The condi- 
tions under which 7T,w is measured 
should be definitely called out in any 
specification. It is generally measured 
in micreseconds and tolerances of 
10 per cent are normal for produc- 
tion runs although +5 per cent is 
possible when other tolerances are 
relaxed. 

Open-Circuit Voltage per Turn (V,). 
This is the maximum open-circuit volt- 
age per turn of wire (not wrap of 
tape) developed in the core by the 
changing flux (Fig. 3a). Since V, is 
directly proportional to , and_in- 
versely proportional to T.y, tolerances 
and requirements for these three para- 
meters should not be specified inde- 
pendently without full knowledge of 
the constant of proportionality which is 
determined by the core material. 

Noise Flux Change (¢,). Noise flux 
is developed when a core which has 
just been switched is pulsed a second 
time in the same direction as_ the 
switching pulse (Fig 3b). Noise flux 
is proportional to the cross-sectional 
area of the core and also is affected by 
the amplitude of the drive pulse, the 
tape thickness, and the heat treatment 
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bobbin and 


Fig. 1—Cross-section of 
wound core. 





Tp measured at 50% amplitude points 
Te measured between |OY, and 90% amplitude points 


Fig. 2—Pulse-drive with 


input various 
parameters defined. 
$y 
$, max 
r 
$o 
(a) (b) 


Fig. 3 
voltage output and (b) flux change. 


Oscilloscope presentations of (a) 


or anneal experienced by the core. It 
should be specified for a particular 
drive amplitude. Valves in the range 
of 3 to 10 per cent of total flux change 
are available in normal production, 
depending on the drive amplitude, the 
switching time, and tape thickness. 
Open-Circuit Noise Voltage per Turn 
(V,). This is maximum volts per turn 
developed when the core undergoes 






flux change ¢,. The magnitude depends 
primarily upon rise time, Tz, and the 
magnitude of ¢,. Specifications which 
call out V, should also fix the pulse 
rise time. 

Minor Drive. The threshold region of 
magnetomotive force below which no 
switching occurs and above which the 
core is fully switched is the region of 
the minor drive. While it is generally 
important to the bobbin core user that 
the limits of the threshold region be 
kept constant within a core lot and 
from lot to lot, absolute values in oer- 
steds or ampere-turns are not important 
except when the core specification is 
originally generated from circuit re- 
quirements. Accordingly, production 
tests may not measure these thresh- 
hold limits but merely seek to assure 
that they are within specified regions. 

Dimensions. Bobbins are commonly 
classified physically by the width of 
tape they will accept and by their 
groove diameter. In most cases it can 
be assumed that the mean length of 
magnetic path, /, is the circumference 
at the bottom of the bobbin groove (7A 
in Fig. 1). However, when comparing 
the performance of cores of different 
groove diameter or different ¢, max 
levels, the error of this assumption 
may become significant. In such cir- 
cumstances the following formula may 
be used. 

1 == rA+C)¢, max 

where C, is the mean length correction 

factor in inches per maxwell and is 

proportional to the ratio of effective 

bobbin groove depth to the ¢, max of 

the largest core which could be placed 

on the bobbin under consideration. 
Oooo 

The above was abstracted from an article 
“Specification Notes on Bobbin Cores for 
Computer Application,” by James Spool, 
in Engineering Bulletin DN-1500 of Dyna- 
cor, Inc., Kensington, Md., a subsidiary of 
The Sprague Electric Co. Mr. Spool is now 
with USI Robodyne, a division of U. S. 


Industries, Inc. 


Basic Units and Conversion Factors 











Conversion 
EMU (CGS) 
Dimension MKS units | Multiplier units 
Length meter 10° centimeter 
Mass kilogram 10° gram 
Time second 1 second 
| 
- | ; 
Magnetic field strength or intensity (H) | SE | 10°°/4x oersted 
| meter 
Magnetomotive force | ampere-turns 10/4r gilberts 
Flux density or induction (B) weber = i96™ gauss 
(meter) * 
Total flux (@) weber 10-* | maxwells 
; | 
Permeability (x) henry 4x X107 gauss/oersted 
meter 
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New concepts 

in modular 

micro- miniaturization... 
by 

Bulova 


Bulova is implementing and shaping new concepts in micro-miniaturization, high- 
density packaging and micro-modular construction. 


Bulova craftsmen, toolmaking and production facilities are geared to mass 
production with tolerances of less than .0003”. Watch gaging and quality control 
techniques provide definite savings in precision assembly. 


Experience in precision design, in precision manufacture, is the Bulova capability. 
Has been for over 80 years. For more information write — 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Announce Program for 
SPE Symposium 


Encapsulation, Printed Circuits and 
the Fluidized Bed Process will be cov- 
ered in a Society of Plastics Engineers 
symposium scheduled for May 22 at 
the Van Orman Hotel, Fort Wayne, 
Ind. Program follows: 


Morninc Session I 


Embedment and Encapsulation in 
the Electrical industry 


Moderator, William J. Belanger, 
Jones-Dabney Co. “A Quantitative 
Cracking-Tendency Test for Casting 


Resin Compositions,” R. G. Black, 
Westinghouse Electric Corp.; “Epoxy 
Molding Compounds,” William T. Yost, 
Booty Resineers Div., American Mari- 
etta Co.; “Use of Fillers for Producing 
Special Properties in Plastics,” Jerome 
Formo and Robert Isleifson, Minnea- 
polis-Honeywell Regulator Co.; “Mold 
Design and Filling Techniques for 
Casting and Potting Resin Systems,” 
A. L. Kraft, Automatic Process Control 
Co.; “Epoxy Resins for the Encapsula- 
tion of Electronic Components,” A. F. 
Ringwood, General Electric Co. 


Morninc Session II (concurrent) 


Latest Progress and Techniques 
in Printed Circuitry 


Moderator, Walter A. Gammel, Sr., 
RBM Controls Div., Essex Wire Corp. 
“Automated Soldering of Printed Cir- 
cuitry by the Wave Principle,” P. J. 
Bud and J. Dearie, Electrovert, Inc.; 
“Applying the Applique Technique to 
Printed Wiring,” Dr. T. D. Schlabach, 
Bell Telephone Laboratories; “A Sum- 
mary of Plated-Through Hole Proces- 
ses,” J. E. Riley, Melpar, Inc.; “Tech- 
niques of Printed-Circuit Fabrication 
and Material Controls,” A. B. Kings- 
bury, Photocircuits, Inc.; “Continuous 
Peel Strength Test and Application of 
it to Analysis of Underwriters Labora- 
tories Bond Strength Test,” C. Keppel, 
Motorola, Inc., and G. P. Schmitt, 
Panelyte Div., St. Regis Paper Co. 


AFTERNOON Session III 
Forum on the Fluidized-Bed Process 
in the Plastics Industry 


Moderator, Max M. 
Electric Co. 


Lee, General 


AFTERNOON Session IV 
(CONCURRENT) 


Discussion on The Relationship of Raw 
Materials and Processing to Operational 
Problems and Their Future 
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Moderator, Dr. 
Inc. 


New ASM Director 


Allan Ray Putnam has been appointed 
managing director of the American 
Society for Metals. Cleveland. Mr. Put- 


nam will occupy a new position estab- 





lished following the death last May of 
William H. Eisenman, well-known 
national secretary and executive head 
for 40 years. Mr. Putnam previously 
was assistant executive secretary of the 
American Society of Tool Engineers, 
Detroit. 


Proceedings Available for 
1959 Components Conference 


Papers presented at the 1959 Electronic 
Components Conference, Philadelphia, 
May 6, 7 and 8 (see April issue, p 178, 
for complete program) will be available 
in preprinted Proceedings. For details 
communicate with Irwin A. Egendorf, 
International Resistance Co., 401 No. 
Broad St., Philadelphia, Pa. 

The Proceedings Publication Com- 
mittee includes two ELectricaL MANu- 
FACTURING editors, Alex. E. Javitz 
(chairman) and Paul G. Jacobs. Other 
committee members are: Charles 
DeVore, Capitol Radio Engineering In- 
stitute, Washington, D.C., and B. J. 
Goldfarb, Westinghouse Air Arm Divi- 
sion, Baltimore. 


Vinyl-Metal Laminators 
Institute Joins SPI 


The Vinyl-Metal Laminators Institute 
has joined The Society of the Plastics 
Industry, Inc. The Institute, which has 
been in existence for two years and 
consists of 7 companies which laminate 
vinyl film and sheeting to metal, will 
function as a of SPI. The 
Vinyl-Metal Institute has 


division 
Laminators 


Paul Ritt, Melpar, 


prepared specifications for vinyl-metal 
laminates produced by its members and 
is working on additional specifications. 


To Study Inch-Millimeter 
Conversion Factors 


The Miscellaneous Standards Board of 
the American Standards Association 
has recommended that a special com- 
mittee be set up to study the practical 
value of reaffirming the American 
Standard for inch-millimeter conversion 
based on the factor of 1 in. = 25.4 mm. 

This action was the result of the re- 
cent announcement of the standards lab- 
oratories of Australia, Canada, New 
Zealand, South Africa, United King- 
dom, and the United States to the effect 
that as from July 1, 1959, the legal 
inch to be used in these countries will 
be standardized to measure exactly 25.4 
mm. Until now, three different legal 
inches have been in use: the United 
States legal inch, 25.400051 mm; the 
Imperial inch, 25.399956 mm; and the 
Canadian inch (since 1951), 25.4 mm. 

Comments from all national groups 
interested in this matter are invited by 
the American Standards Association, 


70 E. 45th St., New York 17. 


AIEE Names Fellows 


The American Institute of Electrical 
Engineers has elevated the following 
members to the grade of Fellow: 

Myron A. Bostwick, protection engi- 
neer, General Electric Co., Portland, 
Ore., for “contributions to relay pro- 
tection of electric power systems.” 

Willis H. Gille, chief engineer, Min- 
neapolis-Honeywell Regulator Co., Min- 
neapolis, for “contributions to the field 
of electrical control mechanism, par- 
ticularly for flight control.” 

Edwin J. Merrell, chief engineer, 
Phelps Dodge Copper Products Corp., 
Yonkers, N. Y., for “contributions to 
the art of high-voltage cables.” 

Philip C. Smith, assistant general 
manager, East Pittsburgh Division, 
Westinghouse Electric Corp., for “con- 
tributions to design and development 
of large motors and generators.” 


Communications 
Symposium Planned 


The Fifth National Communications 
Symposium, sponsored by the IRE Pro- 
fessional Group on Communications 
Systems, is to be held at Hotel Utica, 
Utica, N. Y., on October 5, 6 and 7, 
1959. Papers are being sought on the 
following subjects: all phases of com- 
munications such as_ point-to-point, 
ground-air, air-to-air, and  ground- 
space, with emphasis on both small- 
scale communications of the type used 
by industry for private purposes and 
the large communication systems used 


(Continued on page 189) 
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NOW EXGLUSIVELY VACUUM MELTED 


KARMA High Resistance Alloy 
THERLO Glass Sealing Alloy 


This dramatic “first” in the manufacture of nickel alloys by 
Driver-Harris has been achieved by expanded vacuum melt- 
ing capacity. It is still another example of our continued 
leadership in producing electrical and electronic nickel alloys 
of the highest purity. 


D-H vacuum melting produces alloys of higher ductility and 
tensile properties. These are achieved by greatly reducing 
inclusions, especially oxides and nitrides. Other direct bene- 


VACUUM MELTED KARMA* High Resistance Wire 


The temperature coefficient of superior KARMA resistance 
wire has been improved to less than +10 parts per million 
from —60°C. to +125°C. Higher stability and linearity are 
added to these important properties. 


*® Low thermal EMF against copper (equaled only by 
Manganin) 
improved ductility 
High resistance to oxidation 
Wire sizes down to .0005” 
800 ohms per circular mil foot 


DRIVER-HARRIS COMPANY , 


fits are elimination of gas, not only from the surface but 
from the entire mass, and general improvement in the elec- 
trical, electronic and mechanical properties to meet critical 
specifications. 


For additional information about Karma, Therlo and the 
other 130 high-nickel alloys manufactured by Driver-Harris, 
write for a copy of the D-H Alloy Manual. 

*T.M. Reg. U.S. Pat. Off. 


VACUUM MELTED THERLO* Gloss Sealing Alloy 


Improved workability is the major result of vacuum melting 
THERLO...the long established cobalt, nickel, iron alloy 
for sealing to hard or thermal shock resistant glass. 
THERLO also: 


® Produces a permanent vacuum-tight seal with simple 
oxidation procedure 
Resists mercury 
Is readily machined and formed—deep drawn or spun 
Can be welded, soldered, brazed 
is available as rod, wire, strip, sheet foil—and in 
special shapes 


AL 
Seelam 


HARRISON, NEW JERSEY =. BRANCHES: Chicago, Detroit, Cleveland, Louisville 


Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco « 


MAKERS OF THE MOST COMPLETE LINE OF 


MAY 1959 


ALLOYS FOR THE ELECTR 


In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


TRONIC, AND HEAT-TREATING INDUSTRIES “ann neg Y* 
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Now, from Cords Limited “Across the Board” 


Appliance Applications of 
NO-KNOT* COILED CORDS 


You ...and 100 million others . . . already know this convenience. 
Now you can modernize your appliances . . . add extra sales 
appeal with ‘“‘no-Knot”’ Coiled Appliance Cords. CL “‘no-Knot”’ 
Cords give housewives safer, neater work 
areas; are self-storing, too. Add now... no 
need to redesign your appliances. 


HPN (HEATER) TYPE 

Extra-heavy Neoprene jacket. Permanent flexing qualities. Extra 
thick insulation. Cord resists food chemicals, odors and may bee 
wiped clean without damage to coil action. Available with min- 
iature UL appliance plug, standard UL appliance plug, or tight 
fitting factory applied eyelets for internally wired appliances. 
New "snug plug” blades hold firmly in outlet. 


TYPE SP 


Available in SP-2 Type for portable food mixers, blenders, TV, 
radio, Hi-Fi, small hand tools and grooming devices. 


TYPE SV 


Ruggedly constructed to reduce probability of cord replacement, 
Applicable to vacuum cleaners and lighter power tools. 


TYPE SJ 


Add another element of safety when applied to heavy power 
tools, radial saws, hand drills and pinspotters. 


CORDS LIMITED 


DIVISION OF ESSEX WIRE CORPORATION 


DeKalb, Illinois 
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May 3-7—115th annual meeting, 
Electrochemical Society, Hotel Sher- 
aton Plaza, Philadelphia, Pa. 


May 4-5—Conference on Industrial 
Control Systems Components, Pur- 
due University, W. Lafayette, Ind. 


May 4-6—National Aeronautical 
Electronics Conference, Dayton Bilt- 
more Hotel, Dayton, Ohio. 


May 4-8—85th SMPTE Convention, 
Fontainebleau Hotel, Miami Beach, 
Florida. 


May 5-7—URSI (International Ra- 
dio Scientific Union) Spring Meet- 
ing, Washington, D. C. 


May 6-8—Electronic Components 
Conference, sponsored by AIEE, 
EIA, IRE and WCEMA, Ben Frank- 


lin Hotel, Philadelphia. 


May 11-13—AIEF, ASME, IRE 
Joint Conference on Automatic 
Techniques, Pick Congress Hotel, 
Chicago, Ill. 


May 12-14—ASME National Pro 
duction Engineering Conference, 
Statler Hilton Hotel, Detroit. 


May 18-19—AIEE Appliance Tech 
nical Conference, Hotel Manger, 
Cleveland, Ohio. 


May 18-20—Fifth Annual Sym 
posium on Instrumental Methods of 
Analysis, Analysis Instrumentation 
Division, Instrument Society of 
America, Shamrock-Hilton Hotel, 
Houston, Texas. 


May 18-20—Electronics Div., Amer 
ican Ceramic Society, Palmer House, 
Chicago, Ill. 


May 22—SPEC-RETEC Symposium 
on Encapsulation, Printed Circuits 
and Fluidized Bed Process, co-spon- 
sored by the Northern Indiana Sec 
tion and the Professional Activities 
Group on Plastics in Electrical In 
sulation, Van Orman Hotel, Fort 
Wayne, Ind. 


May 25-27—American Society for 
Quality Control Convention, Cleve 
land Auditorium, Cleveland. 
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May 25-27—National Telemetering 
Conference, “Investigation of Space,” 
sponsored by AIEE, Amer. Rocket 
Soc., Inst. of Aero. Sciences and 
Instrument Soc. of Amer., Brown 
Palace and Cosmopolitan Hotels, 
Denver, Colo. 


May 25-28—4th Design Engineer- 
ing Conference & Show, Convention 
Hall, Philadelphia, Pa. 


June 7-11—Amer. Soc. of Heat- 
ing & Air-Conditioning Engineers, 
semi-annual meeting, Vancouver, 


S <. 


June 7-12—Electrical Contacts 
Seminar, Pennsylvania State Univer- 
sity, University Park, Pa. 


June 13-23—UNESCO Interna 
tional Conference on Information 
Processing (sponsored by AIEE, IRE 
and Assoc. of Computing Machin- 
ery), Paris, France. 


June 15-20—IRE Symposium on 
Electromagnetic Theory, University 
of Toronto, Ontario, Canada. 


June 16-18—IRE International 
Symposium on Circuit & Informa 
tion Theory, Univ. of California, 
Los Angeles. 


June 17-20—National Society of 
Professional Engineers, Engineering 
Progress Exposition, Hotel Commo 
dore, New York. 


June 21-26—Amer. Soc. for Test 
ing Materials, annual meeting, Chal 
fonte-Haddon Hall Hotel, Atlantic 
City, N. J. 


June 22-24 —-Amer. Soc. of Re 
frigerating Engineers, annual meet 


ing, Lake Placid Club, N. Y. 
June 29-July 1--IRE 3rd National 


Convention on Military Electronics, 
Sheraton Park Hotel, Washington, 
a 


August 17--Ist National Ultrasonics 
Symposium, sponsored by IRE, San 
Francisco. 

August 18-21—WESCON, Cow 


Palace, San Francisco. 





Consult 
Your Local 
Essex Product 


/ Application 


Engineers 


They can be your 
design assistants on other 
Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN, 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, iil. ry 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been “customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost, 


Write for Bulletin 1060 
R-B-M Controls Div., Logansport, ind. 


SSS. 


WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords, 


Wire and Cable Div., Ft. Wayne, ind. BOY 
5 ® 


ESSEX 


by common carriers and the military. greater systems utility; on covering 

Papers are also sought on new de- equipments in areas such as multiples, 
sign concepts which will conserve spec- switching, terminal equipments for 
trum, increase reliability and furnish voice, data, graphics, and printed mes- 
equipment and_ techniques having sages; and on transmission equipment 


WIRE 


CORPORATION 


hd he 


MAY 1959 





veal Enclosures 
by IR LOM 


CONTRACT MANUFACTURING 
FACILITIES FOR 


@ Control Desks 
@ instrument Panels 


@ Boiler, Turbine, 
Generator Panels 


Power Distribution, 
Centro! Panels 


Switch Gear Housings 
Cubicles @ Machine Bases 
Weatherproof Housings 
Breechings © Air Ducts 
Transformer Enclosures 
Stacks © Casings © Hoppers 


KIRK & BLUM can pro- 
duce any type of metal 
enclosure . . . quickly 
and economically. 


Facilities for fabrication 
of sheet steel, plate, 
light structurals, stain- 
less, aluminum, mone! 
and other alloys. 


Whatever your needs, 
send prints to Kirk & 
Blum for prompt quo- 
tation. For literature on 
electrical enclosure 
fabrication facilities 
and experience, write 
to: The Kirk & Blum 
Mfg. Co. 3122 Forrer 
Street, Cincinnati 9, 
Ohio. 


KIRK’ Blum 


METAL FABRICATION 
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for both radio transmission and asso- 
ciated wire and cable. 

Abstracts of 100 to 150 words, dou- 
ble-spaced, in triplicate, should be sent 
to Technical Program Chairman, R. L. 
Marks, Glen Road, Mounted Route, 
Rome, N. Y., before June 30, 1959, and 
should include name, title, company 
affiliation, and a_ brief biographical 
sketch. 


1959 Design Engineering 
Conference and Show... 


(Continued from page 172) 


static or magnet amplifier type of con 
trol systems, Covered in an_ objective 
manner are both the logic function and 
the power switching function of the 
General Electric static control system, the 
Westinghouse “Cypak” system, and the 
switching reactors of Magnetics, Inc. Pa- 
per is written for the designer who has a 
problem of selecting and applying the 
control system, It shows what the units 
and circuits can and cannot do, and how 
they are applied to a machine most 
effectively. 


Session VII, Mechanical—-Co-Chairmen: 
Dudley Fuller, professor, Mechanical En- 
gineering Department, Columbia Univer- 
sity; Stanley Abramovitz, president, Con- 
tinental Bearing Research Corp. 


Design Curves for Journal Bear- 
ings (Paper No. 59-MD-11)—Donald F. 
Hays, research engineer, Mechanical De- 
velopment Department, Research Labora- 
tories, General Motors Corp., Warren, 
Mich. 

In the design of journal bearings, it is 
important to know the relationships ex- 
isting between the operational geometry 
of the bearing and such parameters as 
load, speed, viscosity, length-to-diameter 
ratio, and clearance ratio. Heretofore, 
these relationships were difficult to ascer- 
tain due to difficulties in obtaining a 
solution to Reynolds’ equation for the 
finite bearing. There is now a technique 
by which the finite bearing can be ana- 
lyzed for all its characteristics. The design 
curves are shown. They apply to the full 
journal bearing of finite width with a 
continuous oil film, which is assumed to 
he incompressible. 


Which Bearing and Why? (Paper 
No. 59-MD-12) Arnold O. DeHart, re- 
search engineer, Mechanical Development, 
Research Laboratories, General Motors 
Corp. 

Each type of bearing, rather than com- 
peting, has its own particular advantages 
and disadvantages, and the selection will 
often be a compromise. Making the best 
possible selection is difficult because there 
is little published information that com- 
pares the various bearings. This paper is 
a survey of the pertinent selection factors 
and bearing types presently available. It 
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Because Safety was a MUST 
in this Oil Treating Plant... 
KILLARK 

was FIRST choice 


One of the oil treating machines in the Hudson Oi! ¢ 
Company plant in Kansas City, Kansas. Killark 
Explosion-Proof Fittings include the flexible cou- e 
pling seen at center and junction boxes on ceiling. 


Offer Top SAFETY « STRENGTH + 
RUST and CORROSION RESISTANCE 


When the electrical contractor for this installation of oil treating equipment was 
ready to put in the explosion-proof fittings required for the job, he chose the name he 
knew and trusted for first-rate safety and construction—KILLARK. 


KILLARK Explosion-Proof Fittings are designed for strength and durability on the 
job ... constructed of exclusive Alumalloy for non-sparking safety as well as long 
no-rust, no-corrosion life. 

Push button and pilot light units for operating oil 


treating machines. The ultimate in desizned safety 
and durability. 


ies i: Bien A ri 
These “start” and “stop” stations will control 


operations in other parts of the plant now under 
construction. 


For satety first...always specify 
KILLARK first. 


ELECTRIC MANUFACTURING COMPANY 


Vandeventer and Easton Aves. St. Louis 13, Missouri 


baie REPRESENTED BY 


Ernest T. Loyd, Inc. Denver Kenneth B. Schumann Co Philadelphia Harr . Anschuet 

ee Eastern Sales Co. Detroit Riecher Electric Sales Co. Phoenix ZS. fi = 
Boston Electrical Agencies, Inc. Kansas City Wm. B. Terry Organization Pittsburgh Crescent Sales Co., Inc 
Buffalo Eberhardt Electric Sales Los Angeles _ Kenneth Anderson Co. Richmond . E. Sullivan, Jr 
Chicago Jack L. Rowe & Son Milwaukee Martin-Gaertner Sales, Inc. San Francisco F. M. Nicholas Co 
Cincinnati Arthur L. Ehlers Co. Minneapolis _ Harry P. Smith Co Seattle Northwestern Agencies, Inc 
Cleveland Lusty-Thomson Co. New York City W. J. Wickenheiser Co. 

Dallas Geo. £. Anderson Co. Omaha WwW. C. McConkle 
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HOLTZER-CABOT 


offers these 
CUSTOM FEATURES 
in a new stock motor 










































































































MODEL RBC-2407 
2-Phase Instrument sical Motor 






High torque-to-inertia ratio 
Torque to meet your needs 





Several output speeds to choose from 

Control winding impedance of 5400 ohms locked rotor 
New motor end cap design for easier mounting, 

better heat dissipation 










The RBC-2407 is available as a basic motor or with four stock 
gear ratios to meet your application requirements. All gear motors 
are electrically and mechanically interchangeable. Send coupon 
for free bulletin covering complete details, including physical 
dimensions and electrical specifications of this Model RBC-2407 
instrument motor. 


HOLTZER-CABOT MOTOR DIVISION - NATIONAL PNEUMATIC CO., INC. 


Sales-Service Representatives in Principal Cities throughout the World 












Designers and manufacturers of 
mechanical, pneumatic, hydraulic, 


electric and electronic 
*} equipment and systems 






HOLTZER-CABOT MOTOR DIVISION, sii PE 
National Pneumatic Co., Inc., 125 Amory St., Boston, Mass. 


Please send: [} Complete details of Model RBC-2407 Servo Motors 
(_] Information on other H-C Instrumentation Motors 








NAME 





Sy 








COMPANY. 











ADDRESS. 












192 Circle 177 on page 17 





includes rolling-contact bearings—cylinder, 
ball, tapered roller, barrel, needle; and 
fluid bearings—plain, journal, sleeve, slid- 
ing, etc. Advantages and disadvantages of 
roller contact bearings are cited. Fluid 
film bearings, with a fully developed fluid 
film, have no contact between parts that 
have relative motion, hence no wear or 
sliding damage to the surfaces. Externally 
pressurized bearings, a form of fluid film 
bearing, maintain clearance regardless of 
speed; have zero friction at zero velocity; 
have high stability and are easily designed. 
Careful weighing of all factors will usually 
give the best bearing for any one appli- 
cation. 


Thursday, May 28, 9:30 a.m. 


Session VIII, General Engineering— 
Co-Chairmen: Thomas W. Hopper, presi- 
dent and director, Day & Zimmermann, 
Inc.; G. L. Broomell, director of engi- 
neering, Leeds & Northrup Co. 


A Graphic Method for Engineering 
Organization (Paper No. 59-MD-13) 
E. M. Ramberg, vice president-engineer- 
ing, Titeflex, Inc., Springfield, Mass. 

Approach is taken that numerical values 
can be assigned to the various functions 
that might be the responsibility of an 
engineering design department. There is 
no attempt to propose any formulas or 
cut and dried rules for evaluating the 
various functions. Evaluations must be 
made on the basis of impersonal numbers 
that are a measure of the responsibilities 





and services the various functions are 
held accountable for and an estimate of 
the number of men and capital investment 
required to perform those functions satis 
factorily. The proposed method is an 
attempt to strip out personalities and 
human behavior. The system does not 
compensate for poor — of personnel 
or misplaced personnel, although it may 
help to point out where such conditions 
exist. 


The Man and the Organization 
(Paper No. 59-MD-14)—Martin M. Bruce, 
vice president and director, Psychological 
Services, Clark, Channell, Inc., Stamford, 
Conn. 

American business and industry has 
grown up with a strong emphasis on or 
ganizational control. The dynamics of 
human behavior are such, however, that 
negative reactions result from strong con 
trol. Communication is one method of 
reconciling the differences between the 
goals of individuals and of management 
Management must spell out its goals and 
sub-goals if the situation is to be cor 
rected. In turn, management must help 
its employees to realize their own objec 
tives, and to aid them in recognizing that 
they are compatible with management's. 
An organizational structure that recog- 
nizes these differences is one based on 
decentralization. Planning and_ control 
are developed as separate staff functions. 
Some control is necessary, and it is man- 
agement’s job to identify the workers who 
can work independently and those that 
require direction. Management should 
recognize that less control will often help 
it achieve its goals better; the individual 
should recognize and appreciate that some 
control is necessary. O00 
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Alcoa Aluminum 
easy to join 


by any method! 


* 


eh. 


Thermite welding process shown above is used with Alcoa 
Aluminum in both the utility and industrial fields. Finished 
welds show electrical conductivity ranging from 97 to 102 per 
cent of basic conductor. Repeated overload and high-current 
surge tests indicate no deterioration. Thermite process needs 
no outside source of heat or power .. . is extremely portable. 


By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. For example .. . 

Alcoa Aluminum is low in cost .. . lighter in weight 

.. easier to handle. . . nonmagnetic . . . corrosion 
resistant ... strong in alloys... offers more current- 
carrying capacity per pound ... is easy to spin, form, 
bend, roll... can be cast, forged, extruded or drawn. 

Ask your Alcoa sales engineer to show you how 
you can put the benefits of Aleoa Aluminum into your 
products. Aluminum Company of America, 2130-E 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 


in Aluminum Value 
ALCOA 


ALUMINUM 


For Exciting Drama Watch “Alcoa Theatre,” 
j Alternate Mondays, NBC-TV, and “Alcoa 
emermremaan emg Presents,"’ Every Tuesday, ABC-TV 
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Men in Industry 


Childress B. Gwyn, Jr., has been named 
as special projects engineer for Gibson 
Electric Co., Delmont, Pa. He will be 
responsible for technical liaison with 
engineering, manufacturing and sales. 
Prior to joining Gibson, Mr. Gwyn was 
a product specialist and technical ad- 
visor with General Plate Div., Metals 
and Controls Corp., Attleboro, Mass. 


Edmund F. 
appointed 


Schweller has 
executive 
engineer of the 


been 
chief 
Frigidaire Div. of 
General Motors. In the same company, 
Clifford H. Wurtz has been appointed 
manager of refrigerated appliances 
engineering and John M. Murphy 
becomes manager of a newly created 
compressor engineering department. 


assistant 


J. H. Mann has been appointed to 
supervise all mechanical design en- 
gineering for the precision 
gearhead and 


counter, 
electromechanical  di- 
visions of Bowmar Instrument Corp.. 
Fort Wayne, Ind. In addition to hand- 


ling mechanical design engineering. 
he will be responsible for a special 
electrical design section complementing 


the company’s other divisions. 


Servo 
Hyde 
as director of Engi- 
Statsinger was with the 


Joseph Statsinger has joined 
Corporation of America, New 
Pa, aa hay Te 
neering. Mr. 


Division of American Bosch 
Corporation for 14 years as assistant 
chief charge of missile 
guidance. In this capacity he headed an 
organization of 450 engineers perform- 
design and 


Arma 


engineer in 


ing research, development, 
testing for the 
Titan and Atlas intercontinental bal- 
lisic missiles. 


of guidance systems 


CUT WINDING COSTS 


WITH THE MOST 


OMPLETE LINE OF AUTOMATIC COIL WINDING EQUIPMENT 


Robert Archer, a member of the 
faculty of New York State University’s 
Technical and Agricultural Institute, 
has joined Greer Hydraulics, Inc., 
Jamaica, N. Y., as a development en- 
gineer. Formerly associated with several 
industrial and aircraft organizations, 
his activities will concern research and 
development of systems and 
other electromechanical devices for 
aeronautics, missiles, military ordnance 
and general industry. 


servo 


Douglas Haville has joined the staff of 
the Santa Barbara Division of Western 
Design as senior research engineer. 
Prior to joining Western Design, a 
division of U. S. Industries, Inc., he 
designed, developed, and produced 
automatic and semi-automatic special- 
ized electronic test equipment for 
production testing of the Falcon mis- 
sile at Hughes Aircraft Co. 


The Nuclear Division of The Martin 
Company, Baltimore, has announced 
the appointment of Clare P. Stanford 
as chief of its Engineering Department. 
Dr. Stanford, who has an extensive 
background in nuclear physics, was 
previously in an advisory post with the 
Westinghouse Electric Corp. He suc- 
ceeds J. A. Hunter, who has been as- 
signed to the office of Martin’s vice- 


EVER FFERED TO THE ELECTRICAL ELECTRONICS INDUSTRIES 


Semi-automatic for winding 
2, 4 or 6 pole straight or 
skewed slot armatures 
FEATURES: 

Quick set-up and change-over 
Adustable wire guide blades 
Automatic cut-out at pre-set 

number of turns 
Hand controlled starting and 


automatic slot to slot advance 


Provisions for V-winding 


There is a MICAFIL 


For automatic winding of 
high precision sine-cosine 
and linear potentiometers 
FEATURES: 
Automatic shut-off 
Adjustable wire tension 
Winding ete adjustable 
0-250 


Core feed cahesiabte in incre- 


ments from .00004” to 

.024” per revolution 
Provisions for sector wind- 

ing to 300°, or continuous 


winder for every winding job. 


For continuous and sector 

winding of regular and minia- 

ture(narrow opening) toroids. 

FEATURES: 

Friction driven shuttle and 
wire guiding for controlled 
winding tension 

Adjustable winding speed 

Automatic cut-off, pedal 
on-off 

Large magazine storage - 
holds enough 32-44 A.W.G. 
for winding several toroids 


For automatic or semi-auto- 
matic winding of multi- 
layered coils requiring paper 
interleaving. 

FEATURES: 

Can be set for automatic 
and semi-automatic inter- 
leaving of insulating paper 

Stepless adjustment of wire 

uide even when machine 
s winding 

Automatic paper length 
control as diameter 
increases 

Automatic cut-off at pre-set 
number of turns with 
accurate 5 figure turn 
counter and zero set-back 


Winds up to 4 flangeless 
coils simultaneously 


CARL HIRSCHMANN COMPANY, INC. 


30 PARK AVENUE MANHASSET, N. Y. 
Branches: 6015 N. Cicero Ave., Chicago 46, Ill. 
@ 5124 Pacific Bivd., Los Angeles 58, Calif. @ Carl 
Hirschmann Co. of Canada itd., 5112 Dundas St. 

West, Toronto, Canada. 


wiss precision with Amer 
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RCA 





“Across the board” 


industrial Products Saies 


Regardless of the application areas you are working in— 
radio-frequency, audid-frequency, video, photoelectronic, 
oscillographic, power—you can rely on RCA as the one dependable 
source of quality-engineered tubes across the board. 


For help in selecting the right tubes for your application—please get 
in touch with the RCA Field Representative at the RCA office 
nearest you. For tube technical data on specific tube classes, simply 


write RCA Commercial Engineering, Section E.54-Q, Harrison, N.J. 


RADIO CORPORATION OF AMERICA 


* Electron Tube Division Harrison, N. J. 
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EAST 


MIDWEST 


WEST 


744 Broad Street 

Newark 2, N.J. * HUmboldt 5-3900 

Suite 1154, Merchandise Mart Plaza 
Chicago 54, Ill. » WHiteholl 4-2900 

6355 E. Washington Bivd. 

Los Angeles 22, Calif. » RAymond 3-8361 


Government Saies 


224 N. Wilkinson Street 

Dayton 2, Ohio « BAidwin 6-2366 
1625 “K”’ Street, N. W. 

Washington 6, D.C. + District 7-1260 
415 S. Fifth Street 

Harrison, N.J. * HUmboldt 5-3900 





No one wants to hear the gears turning! eel hie eineusitig De: tenabead 


will supervise the technical effort on 
reactor systems, radioisotope-fueled 
generators, propulsion systems, and a 
wide variety of research and develop- 
ment efforts. 


Bernard Litman has been appointed 
assistant chief engineer for research, 
Arma Division, American Bosch Arma 
Corp., Hempstead, N. Y. Formerly 
project head, inertial equipment, he 
joined Arma in 1948 as a development 
| engineer after previous association with 
Westinghouse. 

Wen Tsing Chow, who has been 
named assistant chief engineer, mis- 
sile guidance, has been with Arma 
since 1951. Born in Shanghai, he grad- 
uated from the University of Nanking 
and later from MIT after moving to 
the United States. 


The appointment of Arthur L. 
| Wannlund, Jr., as director of Device 
Engineering was announced by Con- 
tinental Device Corp., Los Angeles, 
Calif. He was formerly head of device 
research in the Semiconductor Div. of 
| Hughes Aircraft Co. where his most 
| recent work was’ concerned with 
silicon transistors. 





Warren Risch has joined Electric 
Service Systems, Inc. as chief engineer 
in development of the company’s line 
of battery chargers to include heavy- 
duty types for fleet and service station 
use. New designs incorporating silicon 
rectifiers are already in production. 


A TAYLOR laminated plastic ear srs wien n-ne. 


manager of the Airborne Electronics 
. e Dept. at Stavid Engineering, Inc. He 
iS noiseless acts as a safe valve was formerly project manager in the - 
. same department. From 1946 to 1954 he 
< . | was a project engineer at the Naval 
r train Ordnance Plant, Indianapolis, where 
inl a ge | he received the Naval Civilian Meritor- 
| ious Service Award for his work in the 
You can solve two problems with a single gear a | development and modification of various 
made from TAYLOR laminated plastic silent types of radar equipments. 
gear stock. Noise of meshing gears can be elimi- Sinus Wetay “Themes has joined the 
nated. Damage due to destructive overloads can | Railresd Products Division, Servo 
be localized to protect the rest of the gear train cia Corporation of America, New Hyde 
P 
and equipment. And the laminated plastic gear will outweat metal under | Park, L. L, N. Y., as development 
normal operating conditions. Look into the physical and mechanical ach A = ee with Union 
. semen’ : eee : Switch Signal Co. 
properties of TAYLOR laminated plastic silent gear stock. It is adapt- é 
able to a wide variety of applications. Write TAYLOR FIBRE CO., 


Harrison F, Edwards, formerly techni- 
Norristown 37, Pa. 


| cal operations manager, Contracts and 
| Service Div., of Simmonds <Aeroces- 
| sories, Inc., has been appointed chief 


engineer, product engineering, at Sim- 

monds’ manufacturing division in 

Vergennes, Vermont. 
ay. Telectro Industries Corp. of Long 


Island City, N. Y., has announced the 
LAMINATED PLASTICS VULCANIZED FIBRE appointment of George Brown, Sr. as 
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BELDENAMEL* 
Magnet Wire 
105C (Class A), oleoresinous, P.E. 


Engineered Wire for Engineered Products 
Supported by Complete Factory Stocks 


1. Low cost. 
2. Most uniform diameters of any film-coated wire (except CELENAMEL). 


3. Outstanding electrical qualities—continuity of film. 
(mercury test)—voltage breakdown. 


4. Particularly suitable for paper section coils. 


. Extremely close wire tolerances—uniformly accurate 
coil resistances. 


Other Magnet Wires—For Every Requirement 


105C (Class A), Viny! Acetal-Nylon—NYLCLAD* 

130C-155C (Class B-F), Polyester—BELDTHERM* 

105C (Class A), solderable Polyurethane—BELDSOL* 

105C (Class A), solderable Cellulose acetate—CELENAMEL* 

180C -130C-105C (Classes H, B, & A)—SQUARES & RECTANGULARS 


*Belden Trademark 
Reg. U. S. Pat. Off, 


a One Wire Source for 
Everything Electrical and Electronic 7 


cS. 


Belden vr 7 


WIREMAKER FOR INDUSTRY 
SINCE 1902 


(d 


a CHICAGO 
(- Magnet Wire ¢ Lead Wire * Power Supply Cords, 
Su , Cord Sets and Portable Cord © Aircraft Wires 
i” Electrical Household Cords © Electronic Wires 
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zt “4 Welding Cable * Automotive Wire and Cable 
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chief engineer. He was previously as- 
sociated with the Philips Radio Corp. 
and has had international experience 
in the design, development, and _ pro- 
duction of all phases of magnetic re- 
cording and reproducing equipment. 


Robert T. Harding has been appointed 
assistant chief engineer, Product De- 
sign Dept., Arma Div., American Bosch 
Arma Corp. He has previously held 
various positions in engineering stand- 
ards, technical service, and design and 
drafting since joining Arma in 1950. 


Artisan Electronics Corp., Morris- 
town, N. J., has named Jack B. Meister 
to the new position of director of re- 
search and development. He will direct 
work on the development of relays, 
solenoids, and other electromechanical 
devices for industry and the military. 


J. F. Kalbach has been appointed 
associate director of engineering of 
Burroughs Corporation’s ElectroData 
Division. Mr. Kalbach was manager of 
engineering for William Miller Instru- 
ment Company before joining Electro- 


Data in 1955. 


Charles A. Piper will head the 
Engineering Department’s new applied 
mathematics section at Bendix Com- 
puter Division, Los Angeles, Calif. 
Since 1955, he has been assistant to the 
vice president of engineering for Bendix 
Aviation Corp. in Detroit. He will be in 
charge of advanced computer-program- 
ming development. 


The appointment of Max Schneider- 
man as manager of engineering of ET 
Oscilloscope Division has been an- 
nounced by the Electronic Tube Corp., 
Philadelphia. At the same time, Richard 
T. Rude, former chief engineer of the 
firm’s Instrument Division, became man- 
ager of engineering of the newly formed 
ETC Special Products Division. 


Walter J. Albersheim, formerly of 
Bell Telephone Laboratories, has joined 
the staff of Spencer-Kennedy Labora- 
tories, Inc., Boston electronics concern, 
as chief engineer. He will head all 
engineering and development work of 
the organization, both in the instrument 
division and in the closed circuit and 
community antenna television division. 


H. P. Pacini, formerly associate divi- 
sion manager, has been named staff 
consultant to the Research and Devel- 
opment Division, Allen B. Du Mont 
Laboratories, Inc. In the newly created 
post, Mr. Pacini will help guide the 
division on research and development 
work for radar communications sys- 
tems and special-purpose display de- 
vices. 
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A POUND 

OF PERFORMANCE 
INA 
0.4-OUNCE UNIT 


Into its diminutive Crystal Case Relay Wheelock Signals 
packs a bipolar magnetic coil structure, a DPDT contact 
assembly, low coil power and superior environmental stability. 


The entire assembly is terminated in a superior glass-to-metal 
header and the case is then secured to the header by 
positive hermetic seal techniques. 


(TTT Observe! The end product is an astounding item of space age 
engineering _ providing a full measure of performance and 


reliability . . . as light as an autumn leaf @ _as tiny as an 


ACTUAL SIZE 


ASV 


elf @) with the survival potential of a bulldog /;; <2 and the 
consistent reliability of Tuesday. £ 


In your airborne equipment, isn't there a place now awaiting 
these functional benefits? 


Crystal Case Relays by Wheelock Signals are available in a 
wide selection of voltage ratings, termination styles and 
meet a variety of mounting methods. 


Write for Bulletin 160-1. 


SIGNALS 
LONG BRANCH, N. J. 
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Company Briefs 


Rome Cable Corporation of Rome. 
N. Y., is now a wholly-owned subsidiary 
of Aluminum Company of America. Alcoa 
and Rome will combine their electrical 
conductor, conduit and accessory activi- 
ties, including aluminum conductor 
products and the bare and insulated 
wire and cable products produced by 
Rome. The present members of Rome’s 
management will continue in their 
present capacities under Alcoa’s owner- 
ship. 


Airdesign Corp., Upper Darby, Pa., 
manufacturer of electrical transformers, 
has acquired the Bonn and London 
Division of Glenside Electronics, Inc., 232 
No. Juniper St., Philadelphia. Bonn 
and London manufacture wiring har- 
nesses and cable assemblies. William 
T. Taylor will be in charge as general 
manager of the company, now known 
as Bonn and London Division of Airdesign 
Corporation. 


Aerotronic Controls Co., Chicago, has 
purchased the assets and facilities of 
Aircraft Products Division, Cline Electric 


Mfg. Co., Chicago. Aerotronic Controls 
Co. specializes in the design and 
manufacture of power supplies, regu- 
lator systems for ground and airborne 
equipment, magnetic amplifiers, trans- 
formers, temperature controls, con- 
verters and inverters and will continue 
to supply equipment previously manu- 
factured by the former Cline Division. 


Chicago Telephone Supply Corp., Elk- 
hart, Ind. has appointed International 
Resistance Co., Philadelphia, its sales 
agent for the CTS line of military, 
industrial and replacement variable 
resistance controls marketed through 
IRC’s Distributor Division. In addition, 
IRC’s foreign licensees will be adding 
the manufacture of CTS variable re- 
sistors to their product lines. CTS has 
purchased and will operate IRC’s vari- 
able resistor manufacturing plant in 
Asheville, N. C. All variable resistor 
products of both companies will con- 
tinue to be manufactured. 


It has been announced _ that 
Kolisman Motor Corp. has been formed 
as a wholly-owned subsidiary of 
Standard Coil Products Co. Inc. Activi- 
ties of Kollsman Motor will be exclu- 
sively devoted to the design and manu- 
facture of the extensive line of Kollsman 
special-purpose electrical 
motors. Manufacturing facilities in 


precision 


AND 


BLOWER 


BLOWERS 


to cool the tough ones 


When modern design requires cool- 
ing, it means fast, efficient cooling 
—with minimum weight addition. 

Heinz Mueller fans and blowers 
have shown outstanding ability to 
meet military specifications for per- 
formance and extreme durability. 
Now, these same characteristics are 
also available for commercial ap- 
plications .. . wherever precision is 
vital, 

Call a Heinz Mueller engineer for 
design help on the ‘“‘tough ones.” 
We've already solved something 
close to the problem you're facing 
now. 


METAL FAN 

BLADES 

2” to 5” 

diam. Sizes 

Aluminum or steel. 

Fans can be furnished with 

plain hole, metal hub or rubber 

grommet. 

Maximum air movement. Mini- 

mum horsepower requirement. 
Maximum air quietness. 


HEINZ MUELLER 


Delivers 75 C.F.M. at 6000 
R.P.M. using 2%” blower 
wheel. With filter for radio 
noise suppression. Military 
or commercial  specifica- 
tions. Motors 6 to 220 voit 
D.C. or 60 cycles A.C. 400 
cycles on special request. 
Blowers from 2 to 200 
C.F.M. with 1” to 4” 
wheels. 


TUNNEL FAN 

Weighs only 14 oz., but de- 
livers 150 C.F.M. at 3100 
R.P.M. 4” fan. Can suppl 
2 C.F.M. to 250 C:F.M. wit 
2” to 10” blades. 
FAN — Miniature precision 
design delivers 20 C.F.M. at 
10,000 R.P.M. 2” dia. 10- 
blade fan. Motor 27.5 voit 
D.C. Weight 4 oz. 


COMPANY 


1906 N. Cicero Ave., Chicago, Illinois 
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ENGINEERING 


LOCKING KEY FREES 
BOTH HANDS: Pushing 
the locking key forward 
automatically locks the 
jaws. Jaws released in- 
stantly by pulling back on 
the locking key. 


Multi-Purpose Tool 


serves as: 


) Crimper 
) Tweezer 


) Heat Sink 


southeastern Pennsylvania have been 
acquired. Products to be produced by 
Kollsman Motor will include about 850 
types of synchros, resolvers, motors, 
motor generators,  integrally-geared 
units, induction generators and syn- 
chronous motors. 


Epsco-West, 240 E. Palais Rd., Ana- 
heim, Calif., has moved into a new 
$150,000 plant near Anaheim. The new 
building includes complete facilities 
for the production of high-speed analog 
and digital data handling systems for 
military and industrial applications. 


General Electric's Semiconductor Prod- 
ucts Department, Syracuse, N. Y. has 
established a Rectifier Product Section. 
Headquarters for the new section have 
been established at the company’s 
110,000 sq ft Auburn, N. Y., plant. 
Other rectifier component manu- 
facturing plants are at Clyde, N. Y. 
and Lynchburg, Va. 


The Instrument Division of Electronic 
Tube Corp., Philadelphia, Pa., will be 
divided into two separate engineering 
and design groups. A Special Products 
Division will handle the design and 
engineering of special display equip- 
ment, military and government con- 
tracts, and other projects. An Oscillo- 
scope Division will be responsible for 


Pat. No. 2,766,646 


New multi-purpose tool to pick up and 
grasp small parts for soldering or other 
operations; as a vise to free both hands; 
to secure rivets; to cut small wire; to strip 
insulation; as a brad or staple setter. 


ONE HAND ACTION: Quick one-hand ad- 
justment for size and lock-up leaves the 
other hand entirely free. 


No. 800 .... $4.50 


New Catalog of X-ACTO 

PRECISION HAND TOOLS for 

INDUSTRY. FREE on request. 
At your ELEC.- 
TRONIC PARTS 


JOBBER or order 
direct. 


HANDICRAFT TOOLS, INC. 


a division of X-ACTO, INC, 


48-411 Van Dam St., L.1.C. 1, N.Y. 
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"When you design for quality 
the steel 1g important” —ALBERT R. COLEMAN—DIRECTOR OF ENGINEERING 


“Steel quality is all important to the designer,” says Albert Coleman, Director of Engineering at 
Whirlpool’s Clyde, Ohio plant, “and we’ve found we can trust Sharon to deliver what they promise.” 
Sharon engineers know the importance of working in close coordination with engineers like Mr. 
Coleman to thoroughly understand the application and then make certain the steel supplied will do 
the job for which it was intended. 
Better appliances depend on steel. Leading appliance makers, like Whirlpool, have learned they can 
depend on quality steels—consistently —from the mills of the Sharon Steel Corporation, Sharon, Pa. 


<> SHARON C--hg STEEL 
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Greatly Increased 
Oil Capacity... 
for Long Range 


Peak Efficiency 


General Industries’ Model 
“H" 2-Pole Shaded-Pole mo- 
tor is designed and con- 
structed with features that 
assure thousands of EXTRA 
HOURS of service under the 
most adverse operating 
conditions. Rugged, quiet, 
smooth running. A giant in 
the small motor field. Avail- 
able in nine models that 
cover a wide range of 
applications. 


OIL CAPACITY MANY TIMES 
GREATER THAN 
CONVENTIONAL MOTORS 


Oversized oil bearing reservoirs 
hold considerably more oil and 
wicking assuring more efficient 
lubrication over a much longer 
period of time. 


Lock Max. 
Torque Torque 
ama inden. /oz. in./oz. 


Lo 
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Write today for catalog sheet and quantity-price quotations. 


Tia ae eRe 


DEPT. GL © ELYRIA, OHIO 
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the company’s entire line of oscillo- 
scopes of a proprietary nature. Several 
new models and designs will be 
announced shortly. 


Bradley Semiconductor Corp. has 
moved into new headquarters, merging 
under one roof the production opera- 
tions which were formerly divided be- 
tween two plants in downtown New 
Haven, Conn. Bradley makes a line of 
selenium and copper oxide rectifiers, 
modulators and silicon diodes. 


Aerotech Specialties, Inc., will be re- 
named United Sensor & Control Corp. 
but will remain at the same address: 
Box 127, Glastonbury, Conn. United 
Sensor & Control Corp. is a subsidiary 
of United Electric Controls Co. of Water- 
town, Mass. 


Melpar, Inc., Falls Church, Va., has 
set up two new departments of Engi- 
neering. The departments are under the 
direction of W. C. Purple, manager of 
the production division, and chief 
engineer R. S. Butts. The two new 
department heads are L. C. Wright, 
who was promoted to head of the 
Simulation and Training Systems Engi- 
neering Dept., and A. C. Angelos, who 
is now head of the Project Services 
Dept. The Simulation and Training 
Systems Engineering Dept. is respon- 
sible for the development, prototype 
fabrication and field support of simula- 
tion and training devices. 


Book Reviews 


Heating, Ventilating, Air Con- 
ditioning Guide, 1959. Pub- 
lished by The American Society of 
Heating and Air-Conditioning Engi- 
neers, Inc., 62 Worth St., New York 
13, N. Y. 1244 pages, 814 x 11 in, 
price $12.00. 


An increase in page size and new tech- 
nical data are features of this 37th 
edition of The Guide which contains 
larger illustrations, working charts, 
tables and 286 new or revised diagrams 
and charts. 

The 768-page Technical Data Sec- 
tion follows the general 12-section 
format of previous editions and con- 
siders such topics as: controls and 
instruments; physiological principles; 
heating and cooling loads; air systems; 
steam and water systems; heat genera- 
tion; refrigeration, spray apparatus 
and sorbents; specific applications; 
and industrial systems. The subjects 
for five new chapters are: High-Tem- 
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Miniature 
plug-in Relay 
for printed 
circuits 


SQPC Relay—Length, 1 3/4”; 
height, 1 5/16” to 1 3/4” 
(depending upon 


..- Millions comer fn 
of operations 
without attention! 


Need a dependable relay for direct inser- 
tion into printed circuits? Automatic Elec- 
tric’s new Printed-Circuit Relays run up to 
120 million operations without a single 
readjustment or relubrication! 


Miniaturized without sacrifice of rugged- 
ness, these SQPC Relays, with reinforced 
mounting, deliver reliable performance 
under extreme conditions — dependable 


pies oyptanentocte sidgeptanadgew ta RELAY SPRING TAKING ITS “PHYSICAL.” A technician 
shock, and temperatures from —55° to explores critical spring areas for tool marks and concealed 
+85°C. defects—calibrating radii to .001 inch—checking for the strength 


eae , or and stamina which will assure long, uniform service life. 
SQPC Miniature Printed-Circuit Relays Automatic Electric quality control is unmatched in the indus- 
are available with many different contact try—a compelling reason why you should specify AE in your 
spring arrangements—can be permanently engineering. 
secured with any acceptable soldering 


technique. 


Save parts, assembly and wiring time by using printed circuits—and Automatic Electric SQPC Relays. For 
full details, write or call: Automatic Electric Sales Corp., Northlake, Illinois. In Canada: Automatic 
Electric Sales (Canada) Ltd., Toronto. Offices in principal cities. 


AUTOMATIC ELECTRIC 


Northlake, Illinois * Subsidiary of GENERAL TELEPHONE 
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ONLY BRUNING’S NEW, YEARS-AHEAD COPYFLEX 675 
OFFERS SO MANY OPERATOR ADVANTAGES! 


i 
teen 
otis ty _ 


a sl) 


hs 


SHE FLICKS A FINGER 
TO GET THE 


HEIGHT OF. CONVENIENCE! 


Just flick a switch, and you change the machine and 
feedboard height of Bruning’s new Copyflex 675 
reproduction machine to suit your convenience. Motor- 
driven floor jacks raise or lower machine to give you 

a feedboard height from 35” to 39”! 

That’s just one of many new, advanced operating 
conveniences that include an exclusive four-way 
tracing tray that adjusts to stack or to permit fast 
removal of tracings ...a feed band system that 
eliminates curling and wrinkling of tracings... enclosed, 
easy-to-load feed rods for roll stock .. . a unique system 
of vacuum ports in the feedboard that hold large 
sheets and roll stock in position, and a split-shade 
lamp control that enables simultaneous insertion of 
different materials. 

Add to these advantages the 675’s 46-inch printing 
width, a mechanical speed of up to 75 f.p.m., and a 
fast-printing 7,500 watt lamp variable to 5,000 watts. 

Why not investigate the years-ahead whiteprinter 
that gives your operators MORE to do MORE for you. 


BRUNING 









Charles Bruning Company, Inc., Dept. 5-WW 
1800 Central Road, Mount Prospect, Ill. 
Offices in Principal U.S. Cities 

In Canada: 105 Church Street, Toronto 1, Ont. 


Please send me my free booklet on the new 
Copyflex Model 675. 


The Bruning Mon is 
your expert on Diazo 
reproduction. He's 
backed by a company 











with over 60 year's Name Title 
experience. Compeny 
Address ciaceniae a aeniiabinn 
City. ___ County II Science 
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perature Water Systems, The Heat 
Pump, Evaporative Air Cooling, 
Humidification and Snow Melting. 

Chapters have been edited and ex- 
panded to include a rewritten chapter 
on automatic control with new illustra- 
tions of control applications; new out- 
door winter design temperatures based 
on probability of occurrence of various 
temperatures; a revised table on gages; 
and revised information and _ illustra- 
tions for unit ventilators and_ their 
application. Also revised information 
on sound absorption in ducts and ple- 
nums, noise levels, and diffuser noise; 
up-to-date values for maximum allow- 
able concentration of contaminants in 
occupied spaces; a new section on the 
gas-fired year-round residential air 
conditioner; a revised discussion of 
fuel utilization, efficiency and consump- 
tion; a rewritten chapter on school 
systems; additions and changes in the 
list of codes and standards; and other 
topics. 

For convenience, the Catalog Data 
Section contains 461 indexed pages 
showing the products of 309 manufac- 
turers of heating, ventilating, cooling 
and air conditioning equipment. 


Electrical Engineering: Theory 
and Practice. By William H. 
Erickson and Nelson H. Bryant. 
John Wiley and Sons, Inc. New York, 
N. Y. 614 pages, price $8.00. 


In the sections of this basic text which 
deal with electrical engineering theory, 


' consideration is given to the factors 


| which 


influence intelligent selection 
and application of electrical equip- 
ment. Less consideration is given to 


| the factors influencing design details. 


Physical analysis of the operation of 
circuits and devices is emphasized; 
however, mathematical analysis is in- 
cluded. The mathematical analysis uses 
readily understood methods of devel- 
oping the theory and excludes the more 
involved methods of treatment such as 
the equivalent-circuit concept for a-c 
machines and the complex notation 
method of dealing with a-c circuit 
theory, although an appendix on com- 
plex notation is included. 

The second edition has a new chap- 
ter on semiconductors, a new chapter 
on miscellaneous electronic circuits, 
and an added section on magnetic am- 
plifiers. The same method of approach- 
ing the subject was used in both this 
edition and the earlier one: three 
major areas (circuits, machines and 
electronics) are given an equal amount 
of attention. The chapters on elec- 
tronics provide a good introduction to 
industrial electronics while the sections 
on circuits and machines provide a 
foundation for the understanding of 
basic principles and processes. 
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TORRINGTON CRACKS THE NOISE PROBLEM The squeeze toward compactness in room 
air conditioners has forced the decibel level up to the point that noise is now the No. 1 problem. t In 
anticipation of this trend, two years ago Torrington’s air impeller laboratories went to work on “noise.” 
I The result is the revolutionary Torrington H Wheel—one of the most important breakthroughs vem Os 
conditioning history. I In one room air conditioner application test the H Wheel reduced the noise level 
from 63 to 53 decibels; and it was less than one half as loud. 1 Torrington’s engineering department is 
now offering samples of the H-Series Wheel for evaluation in your new product development program. 
THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT e VAN NUYS. CALIFORNIA e OAKVILLE ONTARIO 
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PERCENT GAIN IN CONTACT RESISTANCE 
DUE TO DUST 


#1 Horizontal 
Contact Starter 


#2 Horizontal 
Contact Starter 


Vertical Contact 
C-H Starter 


100% 200% 300% 400% 


Dust Environment Test of Vertical and 
Horizontal Contact Type Motor Control 


acts keep 
Motor Control 


Peet doer lle et Els his eo atepie fect, but an 
important one to users of motor control. To function properly the con- 


tacts in meine aaron et sank Pinan fexn ern ait forme of dust under 
i" collect on a vertical 
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Engineering 
Standards 


ASA Standards 


A new standard describing ball and 
roller bearings and including an alpha- 


numeric code to describe the main | 


features of bearings is to be published 
in 1959. The development of this 
American Standard has been coordi- 
nated with the work of the International 
Organization for Standardization. 


The Electrical Standards Board is | 


considering the initiation of an Ameri- 
can Standards project on semiconductor 
devices. 


Recently approved standards _ in- | 


clude: 


C89.1-1957 American Standard 


Requirements for Terminology for 
Specialty Transformers. $3.00 


Four new American Standards for 
copper magnet wire have been pub- 
lished: 

C9.8-1958 -- American Standard 

Single and Heavy Nylon-Coated 

Round Copper Magnet Wire (NEMA 

Pub No. MW6-1957). 80¢ 


C9.9-1958 -—— American Standard | 


Single Paper-Covered Round Copper 
Wire (uncoated and film coated) 


(NEMA Pub No. MW31-1956). 50¢ 


C9.10-1958 — American Standard | 
Paper-Covered Rectangular and | 


Square Copper Magnet’ Wire 
Pub No. MW33-1957). 50¢ 


C9.11-1958 -—- American Standard 
Glass-Fiber-Covered Rectangular and 
Square Copper Magnet Wire 
(NEMA Pub No. MW42-1957). 80¢ 


A revision in C57.16-1958—Ameri- 
can Standard Requirements, Termi- 
nology, and Test Code for Current 
Limiting Reactors, brings the standard 
into agreement with NEMA Pub TRI- 
1954. $2.00. 

Copies of these and other American 
Standards are available from American 


Standards Association, 70 E. 45th St., | 


New York 17, N. Y. 


NEMA Standards 


Copies of revised printed pages for the 
following are available: 


Revision No. 7 for NEMA Standards 

for Industrial Control, Pub. No. IC 

1-1954. 

Copies may be obtained by holders 
of Pub. No. IC 1-1954 from the National 


Electrical Manufacturers Association, 
155 E. 44 St., New York 17, N. Y. 





Headquarters for 


HIGH POTENTIAL 


Testing 


INSULATION BREAKDOWN 
DIELECTRIC STRENGTH 


Every over-potential test need 
from the generator to the ap- 
pliance motor... is met by a 
HYPOT® 


3 = 150 KV Testing 

® Mobile HYPOT* 
Non-destructive testing of 
power cables, generators, and 
insulators with AC or DC test 
potentials to 150 KV. New DC 
Mobile HYPOT" is easier to 
handle, cuts costs. Write for 
bulletin “Mobile HYPOT*” 


Model 5500 - 
Typical Mobile 30 KV Testing 


HYPOT® provides 0 Bench HYPOT” 


to 120 kv d-cat5ma. Models available with AC or 
More compact and DC test potentials from 5 to 
easier to use than 30 KV. Widely used for insula- 
equivalent a-c test tion testing of cables, distribu- 
sets. Lower in cost, ton equipment and heavy duty 
too motors, 


10 KV Testing 
Portable HYPOT Jr.” 


The advanced over-potential 
tester that enables anyone to 
make high potential breakdown 
tests. Separate lights indicate 
excess leakage current and in 
sulation breakdown. Available 
with test voltages from 1500 v 


a-¢ to 10000 v a-« Model 412 


TELCO i (0), een 


Mt a 


Model 
4501 


Materials 
Tester 


New materials testing AC HYPOT® meets ASTM di- 
electric strength test requirements Features avtomatic 
rate of test voltage rise, transparent test cage that 
is safety interlocked and complete line of plugin 
materials testing fixtures. Write for new bulletin... 
“HYPOT® Insulation Tester 


VIBROTEST® measures 
FIVE MILLION Megs 


Direct reading a-c operated 
megohmmeter for resistance 
measurement to five million 
megohms. Drift free, stable 
and accurate on all ranges. 


VIBROTEST® Model 2570 has 
six megohm ranges: 1-50, 10 
500, 100-5000, 1,000-50,000, 
10,000.500,000 and 100,000 
5,000,000 megohms. Write for 
bulletin. 


i 
+ 


Write for Bulletins 10-35.16 
A Tate 
SSOCIATED ESEARCH, 
ERIE NES EF OTs Le 


3794 W. Belmont Avenue e Chicago 18, Hlinois 
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the idea tha 
fizzled... 


One of the copywriters at our ad 
agency had a great idea! 


“‘Let’s send an actual stamping to 
everyone using lamination dies,’’ he 
said. ‘‘We’ll send them samples from 
the largest and smallest dies that 
CTD has ever made. Here’s our copy 
pitch: ‘The long and the short of die 


making...’ ”. 


““Fine,’’ we said! “‘Now find us some 
1014 square foot envelopes and a 
delivery service to carry them ‘cross 
country’! ’’ We explained that while 
CTD has turned out dies for extreme- 
ly small laminations, our largest was 
for laminations 3’ x 314’ (for the 
new synchrocyclotron at Princeton 
University). 


But the basic idea was good. Because 
you should know that Cleveland Tool 
and Die Company has the capacity 
to handle any lamination die re- 
quirement, steel or carbide. 


Whether you're involved with home 
appliances or electrical apparatus... 
if you need quality dies, jigs, fixtures 
or gages, we'd like to suggest you 
send us your prints and specs for 
quotations. Or, if you’re not at that 
stage yet, we'd like to send you a 
brochure describing our capacity, 
abilities, facilities. Write to... 


; President 


CLEVELAND TOOL & DIE CO. 
1620 Eddy Road + Cleveland, Ohio 


P.S. We design as well as manufacture 
... and do custom stamping, grinding 
and boring, too. 
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The Miniature Relay in Great Britain 


(Continued from page 110) 


wire which is held in a tube in the base of the relay. The 
moving contact system consists of a thin wire arranged 


| at right angles at one end of the armature. One whisker 


of this wire connects to a base pin while the other end 
connects to an adjacent pole piece of the coil, thereby 
providing a single changeover. One pole piece is there- 
fore “live.” The power required to operate this relay is 
about 300 milliwatts. 

For the MGS relay at present, the British Services seem 
to prefer the glass-sealed version, although other sealing 
methods are under consideration. Prototype relays have 
an operate time of about 3.0 to 3.5 millisec and a 
sensitivity of about 180 milliwatts. 

Many types of “stunt” relays are to be deplored; for 
example, those in which a transistor mounted on the 
relay is publicized as something revolutionary. It is easy 
to make a bad relay and very difficult to design a good 
one. The British Service requirements of acceleration, 
vibration and temperature should be realized in the 
not-too-distant future. The rotary movement, for example, 
by virtue of its inherent balance, is good under vibration 
conditions, while new materials should enable operating 
temperatures around 200 C to be met, and new relays 
are under development embodying these principles. It 
is hoped that by the time the present targets have been 
reached, those responsible for setting the targets will not 
have moved them once more out of range. O00 


| Standards for Tapping Screws 


(Continued from page 149) 


block, shearing off the screw. Combined results of these 
and other tests are shown in Table VIII. 

Similar tabulations for non-ferrous metals, die-cast 
alloys, and insulating materials commonly used are also 
included in the Standards. 

Application Notes. Several factors should be kept in 
mind when using tapping screws. One important aspect is 
that the threads formed by Types C, D, F, G and T screws 
are not in all cases interchangeable with standard screw 
threads in spite of the fact that the threads are cut to 
the specifications of the American National Standard 
thread form. Those of one producer may cut a thread 
which will take a standard screw, whereas those of 
another make may cut a thread with slight dimensional 
variations which will not accept a standard screw. 

Under tension loads, the tapping screws of various 
producers do not all perform in the same’way. Under 
given conditions of load and engaging-materiak thickness, 
screws from one source may break whereas those of 
another producer may fail due to thread strippage. 

The spaced-thread series (Types A, B, BP, BF, BG and 
BT) is not suitable for usé where the screw must be 
removed and replaced several times since these types 
have a tendency to enlarge the hole on each application. 

While the series of standards described here is by no 
means complete as to material coverage, it has proven 
to be highly satisfactory and flexible enough to be used 
on the newer materials not covered. The general dimen- 
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$M EQMQ\N rerminar cucs 
AND CRIMPING TOOLS _ 


SPEED INSTALLATION — REDUCE COSTS! 


SERRATED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 


BARREL-LENGTH 
VOID FREE 


CONNECTION 


PNEUMATIC POWER CRIMPING TOOL 


Portable or bench mounted... use it in 
the shop or on the job for top production. 


MONEY SAVER 


SAVE UP TO 15% RETURN THE COUPON TODAY! 
WITH SHERMAN 
H. B. SHERMAN MFG. CO. 
Battle Creek, Michigan 
Show me how I can save up to 15% with your — 
(J tuGs [-] CRIMPING TOOL [_] BOTH 


Name 


SHERMAN te SHERMAN Firm 
UNI-cRIMP “ST” LUG 
LUG 


Address 


City 


H. B. SHERMAN MANUFACTURING CO., Battie Creek, Michigan, U.S.A. 


rd 
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HERE IT IS! 


A NEW APPLIANCE SWITCH. 


E13-00A 
SERIES 


ATER OVERTRAVEL! 


TER H.P. RATING! 


U.L. RATED: 


15 amp. 125/250 V ac, 3/4 
a 125 V ac, 1-1/2 h.p. 250 
ac 


@ Minimum overtravel .100” 
®@ Wear-resistant nylon button 


@ Environment resistant inter- 
locking case 


@ Standard case and mounting 
dimensions 

@ Simplified precision snap- 
action construction—at lower 
cost 


®@ Complete line of actuators 
Contact Cherry with your 
switching problems. Over 


8000 other switch variations 
available. 


fh CALL OR WRITE 


€ HERRY ELECTRICAL PRODUCTS CORP. 


1658 Deerfield Rd., Highland Park, Ili. 
Phone: Idlewood 2-8182 
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sional data assists the incoming inspection department 
in ascertaining qualification of incoming product, thereby 
insuring that end requirements can be met. Information 
on fastening strengths assists in the selection of the 
proper type and style for a specific application and is 
also useful when determining whether or not a sub- 
stitution in material may be made. The recommended 
driving and testing torque values result in uniform 
tightness throughout various shops, insuring a secure 
and satisfactory assembly and eliminating the human 


element in the determination of “how tight is tight.” 
ou o 


Automatic Control System Design 


(Continued from page 157) 


not be used in this series but is a basic requirement for 
understanding much of current servo literature. 

As a start it is necessary to define an impulse. A unit 
impulse is a function of time that is a spike — very 
large for a very short period of time — whose integral 
(area under the curve) is unity. Figure 22 shows some 
impulse functions. The usual picture of an impulse is 
that shown in Fig. 22a, although the other shapes are 
also impulses so long as their duration is exceedingly 
short. The Laplace transform of a unit impulse that 
occurs at time t = 0+ is unity or 

L (unit impulse) = 
Notice that the Laplace transforms of ¢?/2, t, unit step, 
and unit impulse form a power series in p indicating 
that each is the first time derivative of its predecessor. 
The unit impulse can be called the first derivative of the 
unit step. 

A device that is a sampling switch can be represented 
as shown in Fig. 23a. The input is a function of time 
and the output is equal to the input at specific sampling 
times that are b seconds apart. Between these times the 
output is zero. The output of a sampling switch with a 
ramp input (V;,, = kt) is shown in Fig. 23b. The output 
shown is a series of impulses, each delayed by a different 
period of time and each later impulse larger than its 
predecessors. By the shifting theorem, the Laplace trans- 
form of a delayed impulse is e~'? where ¢ is the delay in 
seconds. Therefore, the Laplace transform V,,, in Fig. 


| 23b is given by 


Vout = ke? + 2ke% + 3ke*P +... 
This Laplace transform can be written as what is called 
a “Z transform” by making the substitution: 
z =e 


where 6 is the sampling interval. This substitution re- 


| sults in: 


Vour = k/z + 2k/z? + 3k/2?+... 

which can be shown to be equivalent to: 

; kz 

Yea" GIP 

A Z transform is a variation of a Laplace transform 

used for sample data systems. Since the Z transform is 
the transform of a sampling of a function of time, it 
has to be used with a bit of caution because, as shown 
in Fig 24, two quite different functions will have 
the same Z transform so long as they have the same 
values at the sampling instants. Oo0°Oo 
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are vibration free--sleeve or ball bearing 


Today, many motors are installed in areas where 
noise must be held to a minimum — in hospitals, 
churches, schools, office buildings, restaurants and 
similar locations where quiet is essential or desirable. 

Such installations have created a need for larger 
polyphase motors that are exceptionally quiet and 
vibration-free. Wagner has filled this need by expand- 
ing its line of polyphase resilient mounted motors to 
include standard ratings through 10 hp. 

If you have an application that calls for a smooth 
running motor, cushioned by resilient mountings, it 


SLEEVE OR BALL BEARING. These motors are 


NEOPRENE CUSHIONING RING. Annular mount 


will pay you to specify these Wagner Motors—a com- 
plete range of ratings from | through 10 hp. 
Constant research and development have kept 
Wagner up front in electric motor design for more 
than 65 years—made the name Wagner one you can 
trust in choosing electric motor drives 
Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements 
There are Wagner branch offices in 32 principal cities 
Warner Flectric Corporation 


6400 PLYMOUTH AVENUE, ST. LOUIS 14, MISSOURI! 


CEILING, SIDEWALL OR HORIZONTAL MOUNT 


furnished with quiet running steel-backed babbitt 
lined sleeve bearings that have high load car- 
rying capacity. Ball bearings can be supplied 
when desired. 


ings, of neoprene bonded to steel rings, cushion 
the motor in its cradle base to absorb the small 
amount of vibration that remains in the most 
carefully balanced motor. 


ING. You can mount these motors on walls or 
ceilings by rotating the cradle base 90° or 180° 
The motor is designed to remain completely drip 
proof in any horizontal position. 





Pack MORE POWER Into LESS SPACE 
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Se 
MOTORS 


PROVIDE DEPENDABLE STARTING...GIVE LONG TROUBLEFREE SERVICE... 


OPERATE IN ANY POSITION Here’s the single 


phase general purpose motor that gives quick troublefree starts 
every time—thanks to a Wagner-designed quick break switch 
that has earned the Wagner motor reputation for giving long 
troublefree service that permits all angle operation in sleeve 
bearing fhp models 
Wagner Type RK Motors give more horsepower with less bulk 
are ruggedly built to permit direct mounting—are small enough 


to fit in tight spots. Available in a range from % through 5 horse- 


power, with either sleeve or ball bearings, with rigid bases or with 
resilient mountings for exceptionally quiet operation. 

You can get these motors from leading motor distributors in 
your community or through Wagner Sales Offices in 32 principal 
cities. Your Wagner Sales Engineer will be glad to help you select 
the right motor for your application. Wagner Bulletin MU-217 


gives full details on Capacitor-start Motors 


Waasner Electric Corporation 


6400 PLYMOUTH AVENUE, ST. LOUIS 14, MISSOURI 


QUICK BREAK SWITCH. The starter is discon- 
nected from the line by this Wagner-designed 
switch—test proved to make more than a million 
breaks. (That adds up to two starts per hour for 
50 years!) 


MYLAR®* INSULATION. Mylar-paper insulated 
slot insulation gives excellent protection against 
moisture, adds thermal stability that gives these 
motors longer life when unexpected overloads 


occur *DuPont Trademark 


ALL-ANGLE OPERATION. The sleeve bearing 
design, in fractional hp ratings, has a positive 
lubrication system that permits operation in any 


position . . . can mean important savings in motor 
costs to manufacturers. 








Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ExvecrricaL MANurFAc- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


Static Switching Today, May 1959, 9 
pages. A survey of static switching 
as it is applied in machine control 
systems. Includes theory of switch- 
ing circuits and how various types 
of devices are used. Units supplied 
by various manufacturers are also 


described. (714) 


How to Specify Insulating Varnishes 
for Equipment Reliability, May 
1959, 6 pages. Major insulating 
varnish types are identified, their 
properties and application areas 
evaluated, and compatibility with 
other elements of electrical systems 
analyzed. Emphasis is given to in- 
sulating varnishes as key com- 
ponents in designing insulation 
systems for optimum equipment life 
and reliability. (730) 


Load Factors in Selection of Eddy 
Current Drives, April 1959, 7 
pages. The various forms of eddy- 
current couplings and brakes have 
particular characteristics. These, to- 
gether with the nature of the me 
chanical load, must be considered 
in selecting drive components and 
electrical controls for a drive. Load 
and drive factors are discussed to 
illustrate drive selection. (727) 


High-Temperature Characteristics of 
Thermosetting Laminates, April 
1959, 6 pages. Representative 
grades of NEMA plastics laminates 
(including the phenolic, polyester, 
silicone and epoxy-resin types) have 
been evaluated at the Johns Hop 
kins University for electrical and 
mechanical properties at tempera 
tures through 250 C. The results of 
this evaluation are summarized in 


MAY 1959 


page 17. Readers should circle those 
numbers indicating the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of 
Single Subject Reprints 

No. of Number of pages 
Reprints 4-12 16-32 
l Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 
25 7.50 12.50 


this report, including tabular and 
chart data. (706) 


Editorial Index to Electrical Manu- 
facturing for 1958, 24 pages. This 
yearly subject-classified index is 
completely annotated. Includes an 
author index and reproduces the 
ELECTRICAL MANUFACTURING Sub- 
ject Classification and Alphabetical 
Subject Cross Index. (734) 


Editorial Index to Electrical Manu- 
facturing for 1957, 24 pages. In ad- 
dition to an annotated, subject-clas- 
sified index to all the feature arti- 
cles, this booket provides an author 
index and also reproduces the 
ELECTRICAL MANUFACTURING Func- 
tional Subject Classification and the 
Alphabetical Subject Cross Index. 

(737) 

Progress in Micro-Module Develop- 
ment, March 1959, 8 pages. An 
ELECTRICAL MANUFACTURING Staff 
Report describing significant ac- 
complishments in the Signal Corps 
Micro-Module Program. Details of 
micro-element development — are 
given and preliminary modules 
and modular assemblies are illus 
trated. (736) 


Electromagnet Copper-to-Iron Ratio 
for Optimal Design, March 1959, 
4 pages. The design of an electro 
magnet by analysis instead of by 
approximation 


successive permits 


determining the best ratio of cop 
per to iron. Details of the method 
are illustrated using a continuous 
duty d-c_ tractive 
example, 


magnet as an 


(720) 


New Developments in Magnetic Ma- 
terials and Applications, February 


1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magne- 
tism and Magnetic Materials for: 
computer elements, microwave 
components, permanent magnets, 
soft magnetic alloys and new mag- 


netic devices (702) 


Graphical Analog Computer, Feb- 
ruary 1959, 4 pages. A descrip- 
tion, with illustrations, of the de- 
sign and use of a graphical analog 
computer, a nomographic tool in 
the form of a universal blank which 
can be applied to a variety of prob- 
lems. It is particularly advantage- 
ous when used to supply data for 
electrical analog computers. (704) 


Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
control problems in stage and 
studio lighting, with a description 
of the advantages of new magnetic 
amplifier systems for these appli- 
cations. Details are also presented 
of a versatile control programming 
system using cards but still per- 
mitting flexible supervision by an 
operator. (733) 


Research Progress in Dielectrics — 
1958, January 1959, 10 pages. Re- 
view and _ interpretation of the 
papers and round-table discussions 
at the 1958 Conference on Elec- 
trical Insulation (National Academy 
of Sciences - National Research 
Council). The review emphasizes 
research in corona effects on insula- 
tion, high-temperature — insulation 
systems, radiation effects, and _re- 
lation of 
properties. 


molecular structure to 
(729) 


Designing Optimum Inductors with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent 
magnet slabs in place of air. gaps 
permit up to 78 per cent volume 

iron-cored inductors 

carrying asymmetrical currents. An 
alysis and synthesis procedures for 


reduction of 


iron (Audio A) or ceramic (Fer 
ramic H) cores with ferrite gaps, air 
gaps or no gaps—depending on 
which is optimum for the specific 
case, (701) 
Techniques of Cooling Electronic 

Equipment—Parts I and Il, No 
1958, 18 
pages. This two-part article covers 


vember and December 
both theoretical and practical sides 
of heat removal in electronic equip 
ment. Part I covers cooling theory 
ind methods and technique 5s. of 
temperature measurements. Types 
of cooling are discussed. Part I] 
relates theory to heat removal in 


specific electronic parts and equip 
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ae 
NEW...FROM e&pl 
THE PANEL METER 


WITH THE BUILT-IN 


Here is the newest, freshest meter styling idea in years: The 
A.P.I. Model 561 . . . the slim, trim panel meter with the longer, 
larger dial you read like a book. Subtly recessed and correctly 
sloped at the natural reading angle, this meter gives you 30% more 
dial area in 15% less panel space. Back-of-panel mounting neatly 
conceals the meter movement; only the clean, crisp fagade of the 
dial is exposed, a clear picture window. 

Installation is easier done than said. The 5” x 2%” case frame is 
self-trimming, requires a simple panel cutout—no holes to drill, no 
stud alignment troubles. A window in the meter case provides for 
dial illumination; you can save a bit of work (and panel space) by 
using the dial light as a pilot. 

For the man who needs a smaller meter, there’s the Model 361, 
an identical but diminutive companion to the Model 561. It meas- 
ures just 342” x 2”. Both models are molded of satin-finish Bake- 
lite, and both can be had in ranges of 0-5 microamperes to 0-50 
amperes or 0-5 millivolts to 0-500 volts. 


MORE INFORMATION? SEND FOR DATA SHEET 10-A 


ASSEMBLY PRODUCTS, INC. 


Chesteriand 14, Ohio 


S.A. 1687 
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ments, also analyzes the practical 
application of various methods of 
cooling, such as forced convection, 
direct liquid coolants, liquid and 
vapor cooling, direct vaporization 
coolants. Tabular data and graphs 


are included. (712) 


Perforated Storage Media, December 


1958, 9 pages. Survey of primary 
punched tape and card system: 
early development, current media 
formats and dimensions, compati- 
bility problems, standardization 
progress, sources of perforated 
record equipment. A basic refer- 
ence for engineers designing or in- 
tegrating machine systems utilizing 
punched cards or tape for pro- 
gramming or data storage. (705) 


Designing with Stainless Steel, De- 


cember 1958, 8 pages. Presented 
are the properties of stainless steel 
important in equipment design. Ap- 
plications of stainless steel, with 
case histories, are illustrated. Ex- 
amples include appliances, instru- 
ments, computers and other elec- 
tronic products. A_ stainless steel 
selector chart is included. (709) 


Volt-Ampere Graphical Analysis, De- 


cember 1958, 5 pages. A descrip- 
tion of the use of the volt-ampere 
characteristic of a device combined 
with an electrical interrogation of 
the device and its load to obtain 
graphical information about the 
operating conditions. Particularly 
valuable when applied to non-linear 
elements, this is an important too] 
for every design engineer. (740) 


Effects of Temperature on Magnetic 


Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in- 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 
—60 to -+-250 C range for: Hiper- 
nik V, Hipernik, Deltamax, Mo- 
Permalloy and Hymu 80. (721) 


Special Purpose Flexible Cord, No- 


vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and _ illustrated. (735) 


Electronic Materials and Components 


for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
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ideas on “Customeered ” 


RUBBER PARTS 


... their design and application for improved product performance 


“Customeered” 
components 
basic to industry 


precision rubber 


Precise tolerances within +0.003 in, 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day. 


Greater precision, which results in 
important savings on finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They permit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent tolerances for all dimensions, 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to each mold. 


Direct feeding, from the mill to the 
mold wheel, eliminates the conventional 
intermediate extrusion step and further 


THIS LOGE OF HOLE 
TO OE SHARP 


High-precision is indicated in the close toler- 
ances of this quadruple-landed seal for auto 
shock absorbers— more economically produced 
in volume through Ohio Rubber’s new high- 
speed, continuous molding process, 


A DIVISION OF 
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No. 1 
New ORCO continuous process now custom molds 
parts in volume—at less cost! 


Wide range of parts being more economically produced through Ohio Rubber’s new molding process 
include (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod packing, 
universal joint seal, and oil seal. These, like all the many other small, precision parts already produced 
or being produced, vary in dimensions up to 112 in diameter and 1” in thickness. 
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insures part uniformity and quality 
consistent with specifications. The con- 
tinuous process permits precise control 
of time and temperature for each part. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 
processes. For parts formed by less 
precise, conventional methods, per- 
formance can be improved through 
greater accuracy—and without prohibi- 
tive increase in cost. 


Quantity requirements involving 
500,000 or more parts annually are 


recommended for most advantageous 
use of the new process. Since two simi- 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering” service — 
molding, extruding, and bonding-to- 


metal. Just mention ORCO Bulletin 715. 
9DE1 


Quio Russer ComPany 
WILLOUGHBY, OHIO 


THE 
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EAGLE-PICHER 


COMPANY 





COLD-PUNCH 
PRINTED CIRCUITS 


.this profitable STRIPPIT way! 


1, Punch tHe temptate. The Strippit Dupl-O-Scope (a), precision 4-power 
optical locator is mounted on Strippit pantograph-like Duplicator. 
As the Dupl-O-Scope is “sighted-in” on drawing or sample (b), the 
Duplicator arms (c) position template blank (d) under Strippit 
Fabricator punch (e) to accurately locate and punch pilot holes in 
a fraction of conventional layout and template making time. 


RAPID-FIRE DUPLICATION FROM TEMPLATE. Duplicator with Stylus ({) 
replaces Dupl-O-Scope. As Stylus enters each pilot hole in te mplate (d). 
it automatically positions work (g) under the punch (e) and 

trips the punch to produce a hole of desired shi ape and size in the 
proper location. Tool changes in the Fabricator punch holder 

are made in seconds, and anyone can learn to operate the Duplicator 
in a few minutes. For small to medium runs. there is no easier, 

faster or more economical method of making clean, accurate 
perforations in laminates or in chassis up to 1,” mild steel. 


WRITE FOR DEMONSTRATION AT YOUR PLANT! At no obligation, a Strippit Mobile Unit 
will demonstrate the cost-cutting Strippit Fabricator, Duplicator 
and Dupl-O-Scope. Write today ! 


WALES STRI PPIT INC. HOUDAILLE 


t Ua 


222 Buell Road « Akron, New York vera 


In Canada: Strippit Tool & Machine Company, Brampton, Ontario 
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Magnetic 


other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts are sum- 
marized. (719) 


Titanium—Its Properties and Design 


Potentials, October 1958, 12 pages. 
Current and potential structural and 
electronic uses for titanium and its 
alloys in component and equipment 
design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 
fabrication data supported by charts 
and graphs. (711) 


The Space Environment—A Prelimin- 


ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and _ the 
earth’s magnetic field. (710) 


Treating Transfer Functions on Ana- 


log Computers, October 1958, 8 
pages. A description with examples 
of a method of applying the trans- 
fer function of a system to an ana- 
log computer to determine the sys- 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
to a mechanical schematic for the 
computer. (728) 


Silicon Power Rectifiers—A Survey, 


September 1958, 12 pages. A com- 
prehensive presentation of what is 
available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
piv, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


Properties of Stainless 
Steels, September 1958, 5 pages. 
Practical tips on selecting a corro- 
sion-resistant steel with particular 
magnetic (or non-magnetic) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag- 
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Here are the ‘‘basic ingredients” in 
some of today’s most advanced «alton 
concepts . . . Norton Ceramic Ma- 
terials. Exceptionally versatile, these 
exciting materials are meeting operat- 
ing requirements of products and proc- 
esses across industry. 


Norton Ceramic Materials offer de- 
sign engineers a wide range of out- 
standing physical, chemical, thermal, 
and electrical properties. What’s more, 
they provide interesting combinations 
of these properties. For example: 
CRYSTOLON* silicon carbide provides 
high thermal conductivity as well as 
exceptional thermal strength; ALUN- 
pDUM* aluminum oxide has excellent 
chemical stability in addition to good 
abrasion resistance; MAGNORITE* mag- 
nesium oxide offers high purity, ther- 
mal and electrical resistance; fused 


Dynamic Ideas in Engineering... 


a thrive on Norton ceramic materials 


zirconium oxide is today’s highest 
melting point material available in 
tonnage quantities and it’s immune to 
both reducing and oxidizing atmos- 
pheres. And each product has many 
other invaluable properties. 

Think of Norton Ceramic Composi- 
tions as essential components in 
equipment for metal and chemical proc- 
essing, electrical, electronic, ceramic 
and nuclear applications . . . as “the 
answer’’ to literally hundreds of design 
problems. They’re manufactured to 
meet highly exacting standards of 
purity, density, shape, size and wear 
resistance . . . available in granular 
and in fabricated form to meet your 
requirements efficiently and economi- 
cally. For complete details, write for 
‘‘Norton REFRACTORY GRAIN”. NORTON 
ComPANY, Refractories Division, 934 
New Bond Street, Worcester 6, Mass. 
*Trade-Marks Reg. U. S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 


Making better products ...to make your products better 
NORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Refractories + Electrochemicals — BEHR-MANWING DIVISION Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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VERSATILE DIRECT READING @ AND E 
PHASE AWALYIZE 


FOR ENGINEERING DEVELOPMENT, FIELD TESTING, 
LAB EXPERIMENTATION, PRODUCTION TESTING 


FEATURES: 
®@ Operation is simple and acccurate. 
@ Simultaneously measures magnitude 
and phase of complex AC voltages. 
(sinusoidal and non-sinusoidal) 
@ Magnitude and phase read directly from 
dial and meter scales. Correct quadrant 
indicated on full 360° dial. 
@ Operates on carrier frequencies from 
30 cps to 10 KC. 
@ Measures phase and magnitude of 
amplifier input impedances in the 
presence of noise. The phase analyzer 
discriminates signal from noise. 


MODEL 240 


@ Measures synchro nulls. 
®@ Ideally suited for servo system alignment. 
REQUEST BULLETIN $675. 


MAGNETIC AMPLIFIERS - INC 


632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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NATIONAL 
RETAINING RINGS 


—improve products 
‘ and cut costs 
Substantially | 


-— the old costly way —the new NATIONAL way 


The NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY e MILWAUKEE WISCONSIN 
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netic properties of martensitic, 
ferritic and austenitic alloys are 
reviewed. (725) 


Ferrites for High-Power R-F Tuning, 


August 1958, 12 pages. The re- 
sults of a program for evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacycles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Qp 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Dynamic “In-System” Specifications 


for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 


included. (723) 


Electronic Standards for Industrial 


Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 


724). (722) 


British Magnetic Amplifier Develop- 


ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey half- 
wave amplifier, full-wave d-c power 
supply, and a bridge full-wave 
auto-self-excited amplifier. (732) 


Mechanical Fasteners for Military 


Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 


tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and_ the 
computational ability of digital 
computers: analog-to-digital and 
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The No. 111 Cross-Winds 
These or any other 
Universal Type Coil 


Flyback 


Pie- Wound 


i 


Linearity 


Variable pitch progressive 


For Widest Versatility in Cross-Wound Coil Production... 


The Leesona’ No. 111 Coil Winder 


Equipped with a progressive coil 
attachment, the Leesona No. 111 can 
be used for high speed winding of var- 
jable and constant pitch progressive 
coils. And an optional pie-winding at- 


tachment automatically indexes coils 


) ” 


from 3/32” to V4 between coil 


centers, 


Besides versatility, plenty of other 


advantages are built into the No. 111 
Cross-Winder. The change gears can 


be dropped into position on fixed 


centers, without tools, for quick sel- 
up and proper meshing — a Leesona 
time-saving exclusive. 

Also, breakage of fine wire by abrupt 
starts is eliminated. An_ electronic 
drive starts the arbor slowly, gradu- 
ally accelerates to full pre-set speed 
and maintains a constant speed rate 
for uniform wire tension and coil 
density. 

Winding coils singly or in multiple, 
the No. 111 produces coils up to 3Y4” 


€ UNIVERSAL WINDING COMPANY 


ih 


FOR WINDING COILS IN QUANTITY .. . ACCURATELY... AUTOMATICALLY 


® .«. USE LEESONA WINDING MACHINES 
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diameter... at high speeds . +. accu 


rately and uniformly . . . reduces re- 
jects... is simple to set up, run and 
maintain. Get further facts by sending 


for the No. 111 Bulletin. 
23B.8.7 
Universal Winding Company 


P. O. Box 1605, Providence 1 
Rhode Island, Dept. 135 


Please send me: 


[] Bulletin on the Leesona No, 111 
Coil Winder 


Vame 
Company 


City Zone State 
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STAMPINGS DIVISION 


“One Piece or a Million” 


LAMINATED SHIM COMPANY, INC. 


..on most Bid Lists 


QO 33 
Oo ANDO 


METALLIC SPECIAL 
GASKETS LOCK WASHERS 


ELECTRONIC 
CHASSIS 


FOR THE MONEY... 


Need just a few Stampings at the experi- 
mental or pilot stage? Our Machine Cut 
Method uses no dies! Applying custom-built 
slitters, cutters, notching dies, slotting dies, 
bending tools and stock punches—plus spe- 
cial techniques and skills—we deliver small 
quantities at very low cost. 


FOR THE SHOW... 


Need a short run! More than a few Stamp- 
ings, but still not enough to warrant high pro- 
duction quantities? Our Low-cost, Short Run 
Tooling Method does it! Simple contour dies 
and special purpose presses keep costs down. 
Newly expanded facilities speed deliveries. 


TO MAKE READY... 


Need production runs? You'll be interested 
in our modest die charges on larger quanti- 
ties. Our regular Production Tooling Method 
—designed to deliver highest qui ality ; at lowest 
unit cost—will readily solve your St: ampings 
problem of any m: wgnitude, 


STAMPINGS PROBLEMS GO... 


Our nation-wide service does it! Specialized 
experience determines the best of 3 methods 


.to produce top quality stampings. ..stand- 
ard or special,..one or a million...faster, and 
at lowest possible cost. Let us quote your next 
stampings job. Brazing, welding or assembly 
jobs, too. There’s a factory-trained sales engi- 
neer in your area—it pays to know him well! 


ort) 


METALLIC GASKETS » ELECTRONIC CHASSIS 


STAMPINGS 


‘BY LAMINATED SHIM CO. SPECIALISTS 


4805 UNION STREET, GLENBROOK, CONN. 
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digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 
5—$3.75; —$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send 
check with order payable to The 
Gage Publishing Company, 1250 
Sixth Ave., New York 20, New 
York. (724) 


For 


Reprint Service Section starting on 


other reprints, see the Special 


page 222. 


Postcard return forms are provided 
on page 17 as a convenience to the 


reader in obtaining — 


New Components and Materials 
Additional data from the sup- 


plier of any item reviewed. 
Literature for the Design 
Engineer 
of 


publication reviewed. 


A copy any manufacturer's 


Feature Article Reprints 
Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod- 


uct or service described. 
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DELCO MAKES THEM ROCK-RIGID 


Strong die-cast end frames keep shaft and 
bearing aligned for life in 48-frame motors 


Here are end frames that can take it! They’re rugged one-piece 
die castings of aluminum, designed to withstand the jolts and 
jars of shipment and years of constant use. Sturdy, structural 
ribs give them remarkable strength for their size and weight. 


Extra rigid and machined to extra close tolerances, these end 
frames assure precision fit, perfect bearing alignment and 
longer motor life. This is typical of the quality extras you'll 
find in Delco 48-frame motors—motors that are built better 
and perform better, because of the years of engineering 
research and manufacturing experience that stand behind 
them. 


Delco motors are backed by the world’s largest independent 
electric motor service organization .. . another “plus”? your 
customers appreciate. For more detailed information, call 
your nearby Delco Products Sales Office or write to Delco 
Products, Dayton, Ohio. 


Typical 48-frame split-phase 
motor. Also available in 
capacitor-start, shaded- 
pole, and permanent capaci- 
tor types engineered to cus- 


tomer requirements, 
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GM 


“. DELCO 
MOTORS 


Delco Products 
Division of General Motors, Dayton, Ohio 


APPLIANCE MOTORS 
INDUSTRIAL MOTORS 


HERMETIC MOTORS AND CONTROLS 


GENERATORS 





lowing prices (which include shipping 
charges) per copy apply: 


S ' i ' 1 Juantit 
pecial Reprint Service fe oy 


Key to Metals .90 15 
Heat Flow Theory 90 .75 
Ferromagnetism 90 .75 
Fourier Analysis 90 75 
Semiconductor Theory j 75 
Boolean Algebra 8 1.60 
Slide Rule Mathematics 4 75 
Human Engineering 2.25 2.00 
Casting Resins 3 1.50 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the Since handling expenses are a sig- 
nominal prices indicated in each list- nificant cost element in the distribu- 
ing. For ordering convenience, use tion of the reprints, grouping of 
the handy Order Form below. Orders orders makes possible substantial 
must be accompanied by remittance savings in cost per copy. For single 
(either in cash or check). Please shipments to one address, the fol- 


include 3% City Sales Tax on orders 
for New York City delivery. Make 
checks payable to ELectricaL MANvu- 
FACTURING. 


Prices for larger quantities are avail- 
able on request. 


Key to Metals in Design Engineering, nickel and magnesium are _pre- 
May 1959, 24 pages. Basic princi- sented in their basic design re- 
ples of metallurgy are presented. lationships to fundamental proper- 
Structural characteristics of metals 


or thermal rating. Basic equations 
for conduction, convection and ra- 
diation are derived. Dimensional 


are explained and related to design 
concepts. Physical and mechanical 
properties of metals are defined and 
illustrated by tables and charts. The 
nature and specifications of metals 
are detailed for better understand- 
ing of current literature. The effects 
of environment and mechanisms of 
damage are shown and illustrated. 
Iron and steel, alloys of aluminum, 
precious and rare metals, copper, 


ties. Written by S, H. Avner, N.Y.C. 
Community College, and Harold E. 
Barkan, Associate Editor, ELec- 
TRICAL MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 


pages. A concise review of the 
major analytical techniques that 
have been developed over the years 
to solve one of the commonest gen- 
eral problems in electrical and 
mechanical design—heat dissipation 


analysis is used to establish the 
parameters and the various “num- 
bers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions, Empirical equations are 
solved using simulated experimental 
data. Examples from electrical and 
electronic (transistor) applications 
are worked out to pinpoint the 
theory and to upset some precon- 
ceived notions. Written by Allan D. 
Kraus, an electrochemical engineer 


presently working on heat transfer 
problems at Sperry Gyroscope Com- 
pany, who has drawn on a wide 
background in solving heat flow 
problems. $1.00 


ORDER FORM 


Please enclose remittance (cash or check) with your order. Fundamentals of Ferromagnetism, 
ie at . March 1959, 32 pages. A new ap- 
copies proach to the study of magnetism, 
derived from modern solid-state 
physics. Explains magnetic behav- 
Heat Flow Theory :, ior and properties of magnetic 
materials in terms of fundamental 
electron interactions, Includes: 


Key to Metals in Design Engineering 


Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 

e Origins of Ferromagnetism. Mag- 
netic moments, atoms, solids, 
spin-spin interactions, the search 
for 5-Bohr magnetons. 
Internal Structure of  Ferro- 
magnetic Materials. Uniform 
magnetization, magnetic curling, 
domain walls and domain wall 
formation. 
Magnetization Curves. Major 
hysteresis loops, virgin magneti- 
zation curves, minor hysteresis 

TO: ELECTRICAL MANUFACTURING, 1250 Sixth Avenue, New York 20, N. Y. loops. 

Time Effects in Soft Materials. 

Eddy currents, energy loss in 

magnetic systems. 

Effects of Atomic Ordering in 

Alloys. 

Interactions for Heterogeneous 

Systems. 

Magnetic Materials of the Pres- 

ent and Future. Iron, silicon- 


Introduction to Semiconductor Theory 
Engineering Applications of Boolean Algebra 
Five-Year Annonated Editorial Index 

Slide Rule Mathematics 

Human Engineering in Equipment Design 


Casting Resins and Application Techniques 


Total Order 


Total Copies 


NAME TITLE 
COMPANY 

ADDRESS 

city 


(Add 3% City Sales Tax for New York delivery.) 
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It takes a TEAM 


to solve timing problems 


The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
ual technologies. For this reason, Haydon maintains 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 

When you submit a timing problem to Haydon, it’s 


handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 
Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 
application. 

Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 
release to a customer. The results are uniformly high 


quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 


for you? 

A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 


DIVISION OF 
GENERAL TIME CORPORATION 


Haydon 


AT TORRINGTON 


2529 EAST ELM STREET 
TORRINGTON, CONNECTICUT 


99093: >| 
FI IIS 
HOURS 
AND TENTHS 


ELAPSED TIME 
INDICATOR 


ED-71 
Compact, low-cost instrument 
for machine tools, 
communications equipment and 
other commercial applications 
where an accurate record of 


operating time is desired. 
Time Registered: 9,999.9 hours. 


Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 


2.5 watts at 120 v, 60 cps. 


TIMING MOTORS 
A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 
ounce-inches to 30 ounce-inches 
at I rpm. Voltage ranges 
103-132 and 206-264 vac, 


50 or 60 cps. 


3 


INTERVAL TIMER 


Directly controls heavy duty 
electrical loads. Type AD can 
be sappeee with up to 3 SPST 
switches. Type AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
our specific ———- can 
be supplied. Voltages: 120 or 
240 v, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 
non-inductive; 1 hp, 240 vac. 


Headquarters for Timing 
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iron, iron-nickel alloys, iron-co- 

balt, materials with } = K = 0, 

ferrites, permanent magnet ma- 

terials. 

Written by Anthony Arrott and 
J. E. Goldman of The Scientific 
Laboratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, 
February 1959, 16 pages. Fourier 
analysis, one of the oldest mathe- 
matical-engineering tools, is usable 
as a design approach in the widest 
range of applications. In system and 
subsystem design, it permits the 
engineer to design or select devices 
for a particular transient perform- 
ance solely on the basis of their 
steady-state sinusoidal performance. 
Many control-system engineers use 
aspects of Fourier analysis without 
recognizing the source of their 
methods. A thorough theoretical 
background on Fourier analysis is 
presented plus a discussion of the 
areas of application with specific 
examples to point up particular 
problems which are often en- 
countered, Written by Ira Ritow, 
Airborne Instruments Lab. — $1.00 


Introduction to Semiconductor Theo- 
TYPE TQA ry, January 1959, 24 pages plus 


is a sturdy, very cover. A detailed discussion of con- 


sensitive, miniature | duction processes in semiconductors 
relay, for D.C. written for the design engineer and 


operation at sensitivities | presented as a basis for understand- 

from 20 to 100 ing the physical principles of oper- 

milliwatts. Where i ation of semiconductor components. 

shock and vibration are Classes of devices are described 
negligible, sensitivity of 15 milliwatts per pole is available. by simplified mathematical and 
Contact assemblies forms A, Bor C, up to a total of 18 springs. SL ee las 
CONTACT RATING with resistive load at 28 VDC, or 115 and temperature. Theory of solids 
VAC: silver contacts, 3 is presented, followed by a discus- 
amperes; palladium or gold sion of the qualitative aspects of 
alloy, 0.5 amperes. oe semiconductors. P-N junction and 
CONTACT LIFE: 100,000 metal-semiconductor contact theory 
operations, minimum. +4 is described and the effects of volt- 
OPERATING | age, temperature, and other ex- 
TEMPERATURE: —55°C : FF ternal influences are analyzed. Tran- 
to +100°C. Also available, : , ‘ sistor theory is then presented in 
—65°C to 4+-125°C on TYPE TOA SPDT 7000 boa ret terms of the basic conduction proc- 


: + ' esses in a p-n junction. $1.00 
COIL RESIST. OPERATE RELEASE OPERATE RELEASE 
special order. Sones MA. DC MA. DC c 


SHOCK: Up to 50G. 50 20 | 7.0 a te ° . ° 
VIBRATION: Up to 10G, 128 4 59 ' Engineering Applications of Boolean 
from 10 to 800 CPS. 20 | #10 35 Algebra, 68 pages. A design guide 


Available inh —_ 6.3 2.3 J } to the analysis and synthesis of 
PERENS A WEENSEY 1.000 4s 1s switching circuits and logic sys- 


1.0 i foe 
sealed enclosures as a? tems—both combinational and _se- 


Type TQAH. : a. | ao quential—in any medium: mechani- 
| 0.40 . . cal, electrical, hydraulic, electronic 

or solid state. Includes five pre- 

viously published articles plus a 

never-before-published appendix. 

e Language and Laws of Boolean 

; Algebra 

ELECTRIC COMPANY = e Analyzing Combinational  Cir- 

3349 ADDISON ST., CHICAGO 18, ILL. . cuits by Boolean Matrices and 

Karnaugh Maps 


Write for new 
free Comar catalog 


(Continued on page 226) 
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Why compromise on your panel 
or switchboard instrumentation ? 


SPECIFY WESTON: The finest instruments available . . . 
combining long-range economy, lasting quality 


Model 273 


Over 70 years’ leadership in electrical 
measurement... that’s the tradition behind 
each of these instruments ... the reason for 
the world-wide preference they’ve earned. 
You’ll find just the model to meet your switch- 
board or panel needs in the Weston Catalog 
— including all versions of the famous instru- 
ments pictured on this page. 


AMPrRes 


testo 


AC voltmeters 

A-C ammeters 

A-C milliammeters 

A-C rectifier-type instruments 
D-C voltmeters 

D-C ammeters 

D-C micro- and milliammeters 
D-C millivoltmeters 

Polyphase wattmeters-varmeters 


D-C & single-phase A-C 
wattmeters 


Single & petyphece paver 


Frequency meters 
Thermo instruments 
Synchroscopes 


For specifications . . . information... or 
the address of your nearest distributor, con- 
tact your local Weston representative ... or 
write to Weston Instruments, Division of 
Daystrom, Inc., Newark 12, N. J. In Canada: 
Daystrom Ltd., 840 Caledonia Rd., Toronto 
19, Ont. Export: Daystrom Int’l., 100 Empire 
St., Newark 12,N.J. 


WESTON 


| 4 BAYSTROM UNIT | 


Qiteumenia 


WORLD LEADER IN MEASUREMENT AND CONTROL 


*Weston offers the broadest panel instrument coverage in the industry . . 
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. in terms of shapes, scale lengths, ranges, accuracies, sensitivities and sizes. 


- 


‘Can You Use These 
NEW 


JUNCTION 
TERMINAL 
BUSHINGS? 


1. On final production test lines, 
quick-disconnect feature has 
saved time and simplified re- 
moval of defective parts. 


2. Color coded, the bushings 
speed assembly and insure 
correct harness connections. 


3. They speed up and simplify 
the removal and testing of com- 
ponent assemblies. 


THREE TERMINAL STYLES 


mate with existing female terminations 


e&& 


SOLDER + CRIMP * QUICK-DISCONNECT 


Send for samples and 
try them on your 


products Oe 


HEYMAN 
MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 
Manufacturers of the Industry Famous 
HEYCO STRAIN RELIEF BUSHINGS 


Five-Year Annotated Editorial Index 
to Electrical 


Slide Rule Mathematics, 20 pages, 


Human 


e Analyzing Specifications and De- 
signing Circuits 
e Circuit Design Using Boolean 
Matrices and System Synthesis 
Jsing State Coding 
e Designing Sequential Circuits 
plus (available only in this com- 
bined reprint) 
e Electronic Sequential Circuits 
e Tabular Reduction Techniques 
e Selected Bibliography 
Written by Boris Beizer, Airborne 
Instruments Laboratory, and Ste- 
phen W. Leibholz, Republic Avia- 
tion Corporation. $2.00 


Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- | 
ing the 5-year period from 1951- 


1955. $1.59 





plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out, A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a-2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 


e The Basic Slide Rule 

e Variations on Basic C-D Opera- 
tion 

Trigonometry 

The Log-Log Scales 

Vector Diagrams 
Hyperbolic Functions 
Phasor Calculations 
The Circular Slide 
Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELECTRICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series | 
“Fundamentals of Servomechanism 
Design.” $1.00 


Rule 


Engineering in Equipment 
Design, 94 pages. Ten previously | 
published articles dealing with the 
theory, techniques and practice of | 
human engineering written for the | 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru- | 
ments. Relationship between human | 
engineering and broad aspects of 
reliability and maintenance are dis- | 


One Device 
Detects & Controls 


a A 
SPEEDS 


e ACCURATELY 
@ POSITIVELY 
eta NS 


SYNCROSNAP 
MULTI-TECTOR 


covered by 
patents and 


Syncro-Snap MULTI-TECTOR detects and 
controls as many as eight separate cir- 
cuits, and actuation can be accomplished 
on a high and low speed limit on each 
circuit. : 
For instance, inter-related speeds on auto- 
matéd systems can be synchronized.“Ma- 
chine tool speeds can be controlled as 
accurately as 4 of 1%. Speeds of various 
components in aircraft and missiles can 
be sequenced or synchronized. Separate 
drives on equipment, such as large print- 
ing presses, can be actuated at pre- 
determined speeds. A typical use is a four- 
stage MULTI-TECTOR on diesel engines 
which (1) cuts out cranking motor, (2) ac- 
tuates cooling circuit, (3) controls fuel 
requirements, and (4) signals full speed 
and “‘too-low” speed. 

MULTI-TECTOR measures only 5” in diam- 
eter x 4” deep. Housing is standard to 
provide maximum economy. Individual 
Syncro-Snap switches used in the MULTI- 
TECTOR operate on speed alone, regard- 
less of voltage or load. They possess a 
life expectancy of 1.5 to 3 million cycles, 
with no signs of frictional wear and no 
variance in operating characteristics. 
Send requirements today for quotations. 


TORQ 


ENGINEERED PRODUCTS, INC. 


34 W. Monroe St. * Bedford, Ohio 
Phone: BEdford 2-4100 
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Experlence—the added alloy in A-L Stainless, Electrical and Tool Steels 


* 316 Stainless 


present size range: 
maximum—5% in, diam. 
circumscribing circle; 
minimum—0.4 sq. in. area 


* SAE 4130 


* Too! Steel Atlas 93 


* 304 Stainless 


Why hog out intricate shapes like these? Let A-L extrude them in 


If you're hogging out sections, paying for special mill 
rolls on small orders, or waiting for minimum rolling mill 
tonnages, Allegheny Ludlum Steel Extrusions are your 
answer. They will save you scrap loss, slash your machining 
costs, hold down your inventory requirements and cut 
delivery time. 

Extruded shapes save money on expensive materials and 
on costly machining. Non-fetrous applications in the last 
decade have proven it. Now even greater savings are possible 
with tough, strong metals in Allegheny Ludlum Steel 
Extrusions. 

Intricate extruded shapes in all stainless grades, tool 
steels, carbon steels, electrical steels, high temperature 
alloys, even zirconium and nickel alloys are now in produc- 


ALLEGHENY 


* 410 Stainless 


any steel 


tion at Allegheny Ludlum, cutting costs in many different 
industries. 

Costs and minimum order quantities are surprisingly low. 
Charge for die design is under $200. Orders taken for as 
little as 40 pounds. 

To learn more about the time and cost-cutting possi- 
bilities of Allegheny Ludlum Hot Steel Extrusions, send for 
the extrusion booklet—12-pages of design and engineering 
information with process and product explanation, material 
properties, design tips and limitations, tolerances, order 
instructions, etc. Or call any A-L office for technical 
assistance. Allegheny Ludlum Steel Corporation. Oliver 
Building, Pittsburgh 22, Pa. Address Dept.EM-17. 


wew vile 


LUDLUM _ 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS ... 


EVERY HELP IN USING IT 
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INDUSTRIAL PROCESSES 


model HZ4 
MICROFLEX RESET COUNTER 


Use to control an operation for a 
preset number of counts. Has 
spring reset to “0.” Dial ranges 19, 
400 and 1,000 counts. 


Ask for bulletin 720. 


model HZ200 
ADD-SUBTRACT COUNTER 


Add-Subtract counter — operates 
from ADD pulses which trip switch 
at maximum limit—and SUB- 
TRACT pulses which trip switch at 
“O” limit. 

Ask for bulletin 740. 


model MT 
STEP SWITCH 


Use for sequence control from 
pulses—19 contacts—60 cycle 
coil-break out cam lugs. 


Ask for bulletin 780. 


model HZ6 
MICROFLEX REVOLUTION COUNTER 


Use to control an operation as a 
function of mechanical movement — 
drive shaft can be mechanically 
connected to machine, spindle, con- 
veyor, etc. 


Ask for bulletin 730. 


model HM 
MULTIFLEX (Multiple Circuit) TIMER 


Use for sequence control of 1 to 7 
circuits. With shaft drive for me- 
chanical connection to an external 
drive mechanism. 


Ask for bulletin 130. 


Write us regarding your count problem. 
Services of Sales Engineers in 25 district 
offices are available without obligation. 


Address Dept. EM-559. 


Circle 212 on page 17 


cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. $2.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibiliography 
of articles is included. $2.00 


Plus or Minus... 


(Continued from page 16) 


of 50 to 1500 x was displayed by 
McArthur Microscopes Ltd. This ro- 
bust instrument has crossed Antarctica 
where it was used for medical and 
other work. 

Johnson Matthey have a new type 
of temperature-stable resistance wire 
with a core of manganese-nickel-copper 
alloy coated with silver-manganese tin 
alloy. 

National Research and Development 
Corporation showed a floating zone re- 
finer using electron bombardment which 
has some advantages over conventional 
methods. 

Finally, there was a very welcome 
and instructive exhibit from Sweden. 
It is always interesting to see how 
people in other countries solve com- 
mon problems and in Sweden they do 
not lack ingenuity. 


Epiror’s Note: Thanks to Mr. Richards 
(an always-welcome contributor to E.ec- 
TRICAL MANUFACTURING) for his comments 
on recent technical meetings in England. 
Vr. Richards is an engineering adminis- 
trator in the British Post Office Labora- 
tories. 


Posteard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on 


* New Components and Materials 

¢ Literature for the Design Engineer 
¢ Feature Article Reprints 

¢ Advertised Products 
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PERMACE 


2ini ELECTRICAL TAPES 


Self-sticking Thermosetting 


PeERMACEL New Brunswick, N. J. TAPES * ELECTRICAL INSULATING MATERIALS - ADHESIVES 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 


bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


Literature 
for the 


All-new listings of manufacturer’s literature just off the press .. . 
including catalogs, manuals and other reference publications relat- 
ing to components and materials for designed-in use in electrically 


energized end products. 


TRANSISTOR SWITCHING CIRCUITRY 

Booklet, 16 pages, entitled “Notes on 
Transistor Switching Circuitry,” covers 
transistorized pulse handling techniques 
and includes diagrams for programming 
pulses, delays, serial to parallel con- 
version (and vice-versa), ring counters, 
binary counting, 
electronic switching, ete. Navigation 
Computer Corp. > 632 


cycle distributors, 


HANDBOOK FOR SERVO COMPONENTS 

Twelve-page booklet, “Nomenclature 
for Rotating Servo Components,” covers 
standard MIL type synchros, resolvers. 
servo motors and tachometer generators. 
Complete explanations of the symbols 
which identify units are included as well 
as definitions of all important charac- 
teristics. Ketay Dept., Norden Div., 
United Aircraft Corp. > 633 


MOTOR-SELECTOR TABLES Motor 
selector booklet, Bulletin B-2103-4, 
gives concise selection data to users of 
a-c motors from 1 through 200 hp. In- 
cluded in the 12-page illustrated booklet 
NEMA design 
classes, relationship, 
current and torque values, as well as 
frame selection tables and complete 
dimension information for standard 
frames for all frame sizes from 182 
through 6085. Special-purpose motors 
for use in unusual temperatures or 
atmospheres also illustrated. Reliance 
Electric and Engineering Co. > 634 


are explanations of 
speed-frequency 


230 


REUSABLE PRIMARY BATTERY 

Technical bulletin, 8 pages, describes 
the Yardney PM _ Silvercel battery 
which combines the recyclability of the 
secondary battery, the fast activation 
of the primary and the high power out- 
put of the silver-zinc system. The illus- 
trated brochure compares the battery’s 
energy and power with other battery 
systems and applications, 
electrical characteristics, charging, fast 
activation, wet stand, recycling, soaking 
time and other technical data. Yardney 
Electric Corp. > 635 


discusses 


RECTIFIERS——-Data sheet gives descrip- 
tions and electrical and mechanical 
specifications on SN-60 series silicon 
power rectifiers and presents data on 
performance for diodes with capacities 
of 6, 20 and 40 amp per cell and with 
peak inverse ratings of from 50 to 500 
volts. Also, a ten-page illustrated cata- 
log presents specifications on vacuum- 
process selenium rectifiers in cell sizes 
from 1 in. sq to 12 x 16 in. and for 
stacks of practically any size. Rectifier 
circuits are featured with continuous 
d-c ratings for 26, 33, 36, 40, 45 and 
52-volt rms cells. Syntron Co. > 636 


CAPACITORS AND SWITCHING TRAN- 
SISTORS — Engineering Data Sheet 
2N501, 4 pages illustrated, gives 
information on the new Type 2N50] 
germanium super-high-speed switching 
transistor, a micro-alloy diffused-base 


transistor which maintains its high- 
speed switching characteristics down to 
its saturation voltage, providing all the 
advantages of direct-coupled circuitry 
with no impairment of switching speeds. 
Data Sheet 6191 describes the pin- 
terminal type, Data Sheet 6192 the 
hooked-lead type Cera-mite ceramic 
disk capacitors for printed wiring 
boards. Sprague Electric Co. +637 


SINGLE-PHASE MOTORS — Illustrated 
Bulletin 470-B describes new, expanded 
line of single-phase motors, available in 
ratings from %4 to 20 hp in open pro- 
tected, totally enclosed fan-cooled and 
explosion-proof frames. Tabulated rat- 
ings, dimensions and weights are in- 
cluded. Robbins & Myers, Inc., Motor 
Div. > 638 


CERAMIC MAGNETS—Four-page illus- 
trated Bulletin 1-59 describes ceramic 
permanent magnets and barium ferrite 
material F-300; includes magnetic data, 
curves and design information. D. M. 
Steward Manufacturing Co. > 639 


FASTENERS Eight-page condensed 
bulletin, Form 2449, describes complete 
line of standard industrial 
fasteners, including socket screw prod- 
ucts, pressure plugs, locknuts, spring 


precision 


pins, dowel pins and steel collars. This 
review of specification information de- 
tails basic data on types, sizes, threads 
and plating, and spells out design fea- 
tures and application information. 
Photos and cutaway drawings supple- 
ment the text, and tables supplemented 
by sketches identifying each type of 
fastener give specification details on 
materials, threads and size ranges. 
Standard Pressed Steel Co. >640 


INSTRUMENT CASES 


design manual on standard and special 


Twenty-page 


instrument cases contains complete de- 
tail prints, design information on 120 
basic sizes and types, materials and 
specifications cross-referenced to mili- 
tary requirements. Cases are of drawn 


aluminum. TA Mfg. Corp. >! 


VARIABLE-SPEED DRIVES—Fight-page 
Bulletin G-5812, illustrated, describes 
complete line of variable-speed drives 
which provide precise, infinitely adjust- 
able output speeds from a constant-rpm 
a-c motor source. Includes mechanical 
construction features, condensed drive 
specifications, available speed variations 
and accessories for Vari-Speed Moto- 
Motor Pulley and _ Variable- 
Speed Transmission. Reeves Pulley Co., 
Div. of Reliance’ Electric and 
Engineering Co. —->642 


drive, 


R-F INTERFERENCE STRIP SHIELDING 
—Data Folder RF-7 lists 330 Tecknit 
standard r-f interference strips of dif- 
ferent sizes, shapes and materials. Five 


Circle 214 on page 17> 





Allis-Chalmers tackled this 


Even heavy icing couldn’t freeze this motor. An Allis-Chalmers 
customer required that this open-type Super-Seal motor start even 
though embedded in ice. 

Successful tests were conducted in the A-C Motor Laboratories 
where customers’ motor needs point the way to continuous develop- 
ment programs. 


Research and testing of this type has established Allis- 
Chalmers as a pioneer-leader in the motor industry. It has led to 
the most complete line of integral-horsepower motors; it has led to 
tremendous acceptance of such A-C developments as Synduction 
and tube-type motors, and now Super-Seal motors. 


You can benefit from this pioneer-leadership by contacting 
your A-C representative or distributor, or by writing Allis-Chal- 
mers, General Products Division, Milwaukee 1, Wisconsin. 


Super-Seal and Synduction are Allis-Chalmers trademarks. 


ALLIS-CHALMERS <4© 


motor 
problem 
“cold” 
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standard types are listed with a full 
range of dimensions. Strips are knitted 
and formed from Monel, aluminum and 
silver-plated brass, meeting both Fed- 
eral and Military specifications. Tech- 
nical Wire Products, Inc. > 643 


HEAT-RESISTING ALLOYS Bulletin 
lists the most useful temperature ranges 
for various high-temperature heat-resist- 
ing alloys such as Inconel 600 and 702, 
Inconel 804 and 901, Types 330 and 
314 stainless steels, Chromax and In- 
conel X, and  columbium-stabilized 
grades of 80 nickel 20 chrome. Data 
charts made up for the various alloys on 
a cost-comparison basis discuss relaxa- 
tion stress and how it is related to creep 
or flow of metal under stress at high 
temperatures. Techalloy Co. Inc. —>644 


SWITCHES AND ACTUATORS-— Bound 
reference catalog, ES-59, 52 pages on 
basic switches and actuators, contains a 
comprehensive definition of terminology, 
photos, specifications, dimensional draw- 
ings, and modification information on 
the following switches and their actua- 
tors: sub-sub-miniature switches, sub- 
miniature snap-action switches, SP, DP, 
3P, multi-pole types, and special actua- 
tors. There is also information on 
lighted pushbutton panel switches, en- 
vironment-free switches, hermetically- 


sealed switches, and die-cast enclosed 
switches. Electrosnap Corp., Switch 
Div. > 645 


TUBULAR CAPACITORS Capacitor 
types MPD (for 100 and 125 C opera- 
tion) and PD (for 85 C) are described 
in 4-page bulletin containing reliability 
information, outlines, ratings, and spec- 
ifications for these paper capacitors. 
The specifications include the results of 
humidity, temperature and life tests, and 
typical characteristic curves. Electro- 
Motive Manufacturing Co., Inc. 646 


EXTRUDED THIN-WALL TEFLON TUB- 
ING—Four-page bulletin on “Extruded 
TFE Teflon Tubing” (CDF line of 
flexible thin-wall paste-extruded tubing 
and spaghetti-extruded Teflon)  de- 
scribes and illustrates the full line with 
complete tables of sizes and tolerances, 
also presents in tabular form the 
electrical and physical properties of 
the tubing. Continental-Diamond Fibre 
Corp. > 647 


ADHESIVES, COATINGS AND SEALERS 
—Twelve-page illustrated catalog de- 
scribes design concepts, typical applica- 
tions and characteristics of oil soluble 
elastomeric adhesives (include natural, 
reclaimed and synthetic rubber base ad- 
hesives); oil-resistant elastomeric ad- 


1/2 THE SIZE OF 
CONVENTIONAL 
STARTERS... 


ee ee ewe 


hesives (include neoprene and _ nitrile 
rubber base adhesives with or without 
synthetic resin bases); high-strength 
structural (include 
resin adhesives and adhesives made 


adhesives epoxy 
from combinations of synthetic elas- 
tomers and resins). Minnesota Mining 
and Manufacturing Co. > 648 


PLASTIC MOLDING MATERIALS - 

Catalog, 12 pages illustrated, and data 
compilation of 8 pages on Diall dially] 
phthalate molding compounds also 
features new line of diallyl iso-phthal- 
ate molding compounds with heat re- 
sistance up to 500 F. Mesa Plastics 
Company. > 649 


PRINTED-PANEL CIRCUIT PADS 

Brochure, 4 pages, describes and illus- 
trates pressure-sensitive tape die cuts 
used on printed-panel circuit work for 
making master layouts without ink. 
Made in roll stock of black photo- 
graphic tape, 18 yards on plastic core 
in Y%e in. width; “6 in. and decimal- 
tolerance widths also available. M & C 
Products Co. > 650 


INSTRUMENT SENSORS—Bulletin ex- 
plains “go, no-go” concept of measuring 
electrical quantities in aircraft and mis- 
siles with instrument sensors utilizing 
magnetic and static elements through- 








out. Describes the problems involved in 
reading ordinary dial-type panel meters 
during missile count-down and in a 
cockpit of a jet aircraft and includes 
diagram of instrument sensors used with 
logic circuit and instrument sensor 
transfer curve. Magnetic Circuit Ele- 
ments, Inc. +651 


FLUID POWER SYSTEMS AND CON- 
TROLS—Bulletin 10051-G, 12 pages, 
includes specifications, illustrations and 
descriptive matter on a complete line of 
industrial fluid power equipment: vari- 
able-delivery one- and two-way pumps 
with numerous controls; constant de- 
livery, duplex and automatic feed 
pumps;. constant-displacement, — vari- 
able-displacement, reversible hydraulic 
motors; variable-speed hydraulic trans- 
missions; standard 2000 psi and heavy- 
duty 3500 psi cylinders. Also Servo- 
control Division presets, amplifiers, 
panels and servo valves for electrohy- 
draulic systems; standard directional 
control, relief, foot, surge, pilot, com- 
bination and differential valves, and 
fluid power accessories. The Oilgear 
Company. > 652 


SHIELDING MAGNETIC TAPE—Four- 
page Engineering Report Data Sheet 
142 illustrates, gives tabulated summary 
and describes proposed technique for 


comparatively evaluating the effective- 
ness of shielding magnetic tape in Netic 
Co-Netic tape preservers vs unshielded 
tapes. Magnetic Shield Div., Perfection 
Mica Co. > 653 


MICROWAVE TEST EQUIPMENT—-Two 
page illustrated Bulletin 100 describes 
a variety of microwave test equipments. 
Featured in the Pacemaker line is the 
standing wave amplifier, Type 277A, 
with a frequency of 1000 cps +2 per 
cent; bandwidth selection of 15, 50 or 
550-2500 cps; sensitivity of 0.1 micro- 
volt full-scale deflection at 15 eps 
bandwidth. Specifications included for 
laboratory power universal 
bridge, heterodyne 


supply, 
power precision 
frequency meter, spectrum analyzers, 
and klystron power supply. Polytech- 
nic Research & Development Company, 


Ine. >654 


SINTERED NYLON PARTS our-page 
illustrated brochure on Nylasint nylon 
parts (nylon components formed by 
cold pressing and oil sintering nylon 
powders in a process somewhat similar 
to powdered metal techniques) also de- 
scribes a new porous type of Nylasint 
and includes property and application 
data on standard oil-impregnated parts 
with inorganic fillers designed for new 
or improved uses for nylon as compared 


to injection-molded nylon. Halex Cor- 
poration. > 655 


TIME SWITCHES General Catalog 
159, 8 pages illustrated, lists a com- 
plete line of time switches and controls 
with typical wiring diagrams and ex- 
planations of “what switches what.” 
Detailed drawings and concise expla- 
nations of uses for double-throw, three- 
pole, or two-circuit switches plus for- 
mula for selection of timing unit. Tork 
Time Controls, Inc. > 656 


MULTI-TESTER FOR PHYSICAL QUAN- 
TITIES Fight-page bulletin describes 
and illustrates Telechrome Poly-Gauge, 
Model 1650, in which an entire series of 
test-instrument functions has been engi- 
neered into a self-contained portable in- 
strument for the direct measurement of 
physical quantities. It indicates displace- 
ment in thousandths of an inch, strain 
in psi or load in lb, depending on the 
transducer in use. Range factors of 100, 
25, 10, 2.5. 
the range control. Telechrome Mfg. 
Corp. > 657 


1.0 or 0.25 are selected by 


FOOT SWITCHES Foot switch cata- 
log shows a complete line of 40 foot 
switches from light to heavy-duty cast- 
iron models in ratings from 7 to 40 amp. 

(Continued on page 234) 


THE NEW MODEL 58 “RA” STARTER 


This new starter features the exclusive Arrow- 
Hart “Right Angle” mechanism with magnet 
operating through a simple bellcrank lever. 
The resulting mechanical advantage lets a 
much smaller, lighter magnet outperform older, 


direct-acting types. Control size and weight are 


reduced by half . . . performance and depend- e 
ability are greatly improved. 


New Model 58 Size 1 Starters offer: 


e Wide Voltage Range Coils 
Standard coil voltages are 110-120, 208-230, 
440-480 and 550-600, at 60 cy. 
Epoxy-Resin Encased Coils 
Better protection against physical abuse, hu- 


Wiring Lugs 


midity, oil, fungus, shock, vibration, and other 
environmental conditions. 


Wrap Around Enclosures 
Make starters easier to install, wire, inspect 
and maintain. 


Make straight-thru front wiring easy. 


Available in a complete line, NEMA Sizes 0 through 
5, in Non-Reversing, Reversing Multi-Speed, Re- 


duced Voltage Starters and others. 


Write today for Motor Control Handy Ref- 
erence Catalog No. 14 to The Arrow-Hart & 
Hegeman Electric Co., Dept. EM, 103 Haw- 
thorn St., Hartford 6, Conn. 


ARROW-HART of HARTFORD 


Quality since 1890 
MOTOR CONTROLS « ENCLOSED SWITCHES «+ APPLIANCE SWITCHES «+ WIRING DEVICES 


MAY 1959 
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Fifteen new models shown for the first 
time in this 1959 catalog. Vemaline 


FRIDEN MODEL SRW fs es 


WORM-GEAR SPEED REDUCERS - 
. Twelve-page illustrated Catalog HSDR- 
—the most extraordinary 58 describes double-reduction, hollow- 
shaft, worm-gear speed reducers in Ser- 
. ies “STD” torque arm and Series “SFD” 
automatic calculator flange-mounted types. Each type in 3 
sizes, covering an output range from 
h | 0.041 to 2.552 hp, a ratio range from 
you ave ever Seen 667% to 4466:1, and a max output torque 
range of 1380 to 7678 in.-lb. The catalog 


STUDY THESE PICTURES: | contains complete hp, torque and over- 


hung load ratings and AGMA service 
Set number from which factors for selecting worm-gear type 
root is to be taken on 


Friden SRW keyboard > rate | reducers. Winsmith, Inc. >659 


CATHODE-RAY INDICATOR Two- 
page Bulletin 1002 describes technical 
features of Model 1002 cathode-ray 
indicator, an X-Y coordinate indicating 
device having identical high gain d-c 
coupled amplifiers on both the hori- 
zontal and vertical axes. Sensitivity and 


2 Touch Square Root key 7 bandwidth of amplifiers permit the in- 





corresponding to posi- : strument to be used in a number of ap- 
tion of decimal point 


: plications where sweep voltages are 
in the radicand 


provided by external test equipment 
such as transistor testers and similar 
devices; phase measuring circuits; null 


SQUARE ROOT indicators, or similar applications where 
° display-type measurements are required. 
-- Gppears automatically Technitrol Engineering Co. -> 660 
in the dials of Friden Model SRW ) 
PHASE INSTRUMENTS Four-page 
at when you touch one key folder lists and illustrates a variety of 
See root appear in dials. 


This figure can be re- phase meters, counters, shifters and 
tained on keyboard if Can you use Friden Model SRW to speed detectors, delay lines, magnetic ampli- 
desired as further cal- answers? For the first time on any desk calcula- fier relays and usec indicators. Ad-Yu 
ae er tor it offers touch-one-key extraction of square Electronics Lab., Inc. > 661 
root. Is equipped also with all automatic bh 
Friden Calculator features and so performs A-C MOTORS—Bulletin 159, 4 pages, 
more steps in figure-work without operator lists and naa single and poly- 
decisions than any other calculating machine. phase motors, 4 to 15 hp, in standard 
The Thinking Machine of American Business open, protected squirrel-cage NEMA 


are ~ frame; specially designed oilless gear 
—yours in Friden Model SRW. : ‘ nee 
y motor and other special applications: 


pancake type, special flange and 
° threaded-shaft flange motors. Shelby 
... WORKS THE WORLD'S Plectric Inc. >662 

T] C FIGURE-THINKING PROBLEMS 
AUTOMATICALLY CAPACITORS Bulletin 113058, 4 


Friden sales, service and instruction available throughout the U.S. and the world ~_, lists Vi on-Cap 5O-volt d-c a. 
,..Priden Silver Anniversary © 1936-1959 miniature metallized paper capacitors 

available in metal tubular styles with 

Send for new Square Root Calculations Manual. Tells how glass terminal seals, or Rap-N-Fil type. 
calculating machine with unique automatic square root Temperature range —55 to +125 C. 


extraction feature does higher mathematics including ) — } San Fernando Electric Mfg. Co. —>663 
triangulation, statistics. Free—no obligation. re 


INSTRUMENTATION LITERATURE IN- 
DEX—G2-la is a 24-page index of avail- 


FRIDEN, Inc. Dept. EM-559 able literature. Product Catalogs section 
San Leandro, California contains operating principles, instru- 


ment characteristics, application data, 
and general specifications. Technical 
Nome Bulletins deal with fundamental studies 
of instrumentation and _ engineering 
application to a specific process or 
industry. /ndustry Bulletins cover in- 
City Sane State strumentation as applied to an entire 


Please send Square Root Calculations Manual to: 


SDT i ccciecitcapereiindneitaninneeenieceanectaegiaetectncananniesheeietnieeeanblebtineinemineain 
Address 
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Take a single-row deep-groove bearing, for example. 
As S06 makes it, the type shown here sustains heavy 
Wh t li t : radial load—as well as thrust load in either 
a qua 1 1e S direction—it can be used at normal speeds with 
grease lubrication or at high speeds with oil. Yet it is 


should a a standard Sif bearing. 


We even mass-produce some sizes of this particular 
bearing at our automated Altoona (Pa.) plant. You 


é¢ . 
pro duction” can buy quickly and economically. There are over 100 
sizes ranging from over 5%” O.D. to almost 16” O.D., 
bearing have? 


with various seal, shield and snap-ring combinations. 


But why not compare the quality, availability and 
price of this S&S" bearing (or any of the other SssF 
products) with those you now use? For details, just 
call any of the 25 St sales offices. 5916 


SEE THEM AT 

THE DESIGN 
ENGINEERING SHOW 
MAY 25-26 

SKF BOOTH #618 


p 


Angular 
Contact Bearing 


EVERY TYPE-—EVERY USE 


okKF. 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings a 


* REG. U.S. PAT. OFF. 
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industry. Systems Bulletins describe 
instrumentation concerning a particular 
system; Instrumentation Data Sheets 
report on applications of instruments 
to particular processes. Index of “In- 
strumentation” magazine articles is also 
included and in addition, educational 
aids and other services are described. 
Minneapolis-Honeywell Regulator Co., 


Industrial Div. > 664 


VARIABLE TRANSFORMERS——Bulletin 
I5IC contains 8 pages on “no-overvolt- 
age” transformers, tandem assemblies 
and enclosed or portable transformers. 
It features operating data, dimensions 
and tables for transformer selection by 
type or application. Ohmite Manufac- 
turing Co. > 665 


TREATED FELTS Twelve samples of 
felts, with descriptions, are contained 
in folder “Felts with Impregnation and 
Coatings.” The felts are: high tempera- 


as a lubricant and rust preventive for 
electric razors, while Flozene extra 
heavy or medium heavy may be used as 
a stainless lubricant in sewing machines. 
Complete test data included. L. Sonne- 
born Sons, Inc. > 667 


MICROMINIATURE RELAY — Crystal 
case-size relay is for equipment re- 
quiring subminiature components. Her- 
metically sealed in gas-filled case with 
a hot tin-dip finish; provides 100,000 
operations in ambient temperatures 
from —65 to +125 C. Technical data 
contained in Bulletin 160-1. Wheelock 
Signals, Inc. > 668 


VARIABLE-SPEED PULLEYS——Bulletin 
1101, 12 pages, gives technical data for 
five Type MS sheaves for ratings of 2, 
3.5, 10 and 15 hp. Power is transmitted 
from the stationary flange through a 
removable sleeve cap, which is keyed to 
the moving flange by torsionally resil- 


ture service, Teflon-coated, thermoplas- ient rubber keys. T. 


tic resin impregnated, Mylar film, poly- Co. 
ethylene film and seven others. Western 
Felt Works. > 666 

is presented 


MOTOR LUBRICATION OILS Bulletin 


on special white mineral oils for the and flames, with 
on actual soldering methods. Types and 


lubrication of small electric motors is 
available as Technical Data File F-15. 


Flozene light or light-medium oil acts 


UNIQUE DESIGN ROTARY SWITCH— 
9-SECOND WAFER REPLACEMENT 


No Unsoldering or Disassembling ... No Wire Removing... 
Simply Lift out Any Wafer & Replace Instantly... 
Highly Reliable—Presently Supplied for Military Applications 


EDD 


Reduces to seconds mainte- 
nance which otherwise could 
take a full day or more, saving 
valuable time. Error-proof re- 
placement. Lift out, instantly 
replace any wafer. New design 
obsoletes old switches. 

Switches are available in sizes approx. 2” x 2”, 3” x 3” 
and 4” x 4” with lengths to accommodate up to 36 wafers. 
Virtually unlimited choice of switch circuit configurations. 
All connections are to a single bank of receptacles and are 
conveniently accessible from one side of the aluminum 
housing. Contacts are silver, gold or rhodium plated on a 
copper base. Wafers can be made to include printed cir- 
cuitry and components in addition to their normal switch- 
ing function. 

Switches may be manually, motor or solenoid operated 
for use in any rotary selector switch application. Manufac- 
tured under license from Tabet Mfg. Co. and covered by 
U. S. Patent No. 2,841,660. Other U. S. and foreign 
patents pending. Write for details today. 


eS 


eT ELT 
MSMR Ba Ue 


1725 Diversey Blvd., Chicago 14, Illinois 
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ALUMINUM SOLDERING 
booklet, 
Aluminum,” on soldering fluxes, irons 
detailed 


B. Wood’s Sons 
-> 669 


properties of aluminum solders are ex- 
plained with corrosion of soldered joints 


Advance 
Relays 


Automatic 
ara tela 


LTT 
Robinson 


Collins 
Electronics 


C. P. Clare 


aT 
a) 


ee) 
Guardian Electric 
Kurman 


ey Taa) 
et oena) 


Lataliiels 


Phillips 
Control 


aL Ls 
te a | 


R-B-M 
Div. Essex Wire 


Struthers 
Dunn 


Terado 


And Others 


Information 
“Soldering 


information 


and their performance in aluminum 
considered. Reynolds Metal Co. 670 


GAUSSMETER — Transistorized Model 
1295A for direct reading of magnetic 
flux density is described in 4-page issue 
of “Product and Application News,” 
Vol. V, No. 3. Radio Frequency Lab- 
oratories, Inc. > 671 


MINIATURE COAXIAL CABLE—Catalog 
of 4 pages on the manufacturer’s com- 
plete line contains jacket temperature 
rating data, minimum conductor tensile 
strength and minimum per cent elonga- 
tion standards, and table on standards 
for miniature coaxial cables insulated 
with Teflon and shielded with 40 mi- 
cro-in. of silver plating on copper. Rex 
Corp. > 672 


MICA TRANSISTOR ISOLATORS—For 
heat sink applications, 8-page Data 
Sheet K-5 contains 29 outline drawings 
of mica-wafer shapes available for use 
as transistor isolators. Perfection Mica 


Co. ->673 


TREATED NYLON SHAPES — Molyb- 
denum  disulfide-filled nylon shapes 
for such applications as gears, rollers, 
bearings, washers, wear strips and pads 
are detailed in Nylatron GS 4-page 
bulletin. Physical property data and 


Now... Buy 


RELAYS 


Potter & 
Brumfield 


24 HOUR DELIVERY 


from 


RELAY SALES 


Send for our Catalog C-9 
Phone West Chicago 1100 
TWX West Chicago, Ill. 3464-U 


Write P.O. Box 186B, West Chicago, Ill. 
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Want to eliminate 


parts plating 


Use Sylvania 
Plated Metal Strip 


Avromation-wise, plating metal 
parts after stamping can be waste 
motion and interrupt flow. Designers 
have found they can often eliminate 
the plating step by starting with plated 
metal strip. Production and assembly 
of parts can then be incorporated into 
continuously automatic production 
lines, smoothly and economically. 
With its unique plating process, 
Sylvania can plate metal strip on a 
single side or on both sides; can plate 
one side heavy, the other side thin; 
and can plate each side with a different material. 


We’ve already plated base metals of steel, stainless, 
brass, bronze, copper, nickel, and aluminum with nickel, 
tin, silver, and copper. Strip up to .040” thick and 10” wide 
can be plated up to .005” thick per side. Some unusual 
combinations are in development to meet special needs— 
maybe you have a custom plating requirement too. 


Let us know your needs or write for our Plated Strip Technical 
Bulletin. Write to: 
SyLVANIA ELEcTrRIC Propucts INc. 
Parts Division, Warren, Pa. 


Custom Molded Plastics 


PARTS Custom Metal Stampings 
Custom Welded Parts 
Custom Assemblies 


Subsidiary of ae — Wire 
ate eta rn 
GENERAL TELEPHONE & ELECTRONIC : (ae) Electronic ee 


Fluorescent Components 
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CURTISS C7) WRIGHT 


CUSTOM DESIGNED 


ELECTRONIC COMPONENTS 


TIME DELAY RELAYS 
Instant reset — Voltage compensated 


Curtiss-Wright “IR” thermal time delay relays reset the instant 
they are de-energized. The second cycle will always provide 
the same delay as the first cycle. Variations from 22 to 32 volts 
will not affect the time delay of the “IR” Series. 
SPECIFICATIONS 
Time delay ‘ Preset 20 to 180 seconds 
Contact arrangement. .SPST, DPDT OR SPDT 
Temperature comp 65°C to + 125°C 
Weight: eed«.e-% eae . .4¥2 ounces 
Terminals...... .....+. Hooked solder type 
Mounting...... Ba .... Bracket or stud 
Variations of the above relay characteristics 
available upon request. 


New DIGITAL MOTORS 


Stepping motors for high reliability ap- 
plications. Meet the requirements of 
assured reliability and long life for air- 
craft, missile and automation systems. 


Bi-directional * Positive lock * Dynamically 
balanced * Simplicity of design * High pulsing rate. 


New ULTRASONIC DELAY LINES 


Enables development engineers to em- 
ploy new concepts in existing and pro- 
jected applications. Low in cost, small 
in size and simple to operate. 


FEATURES 


SPECIFICATIONS 


Delay range .5 to 6000 microseconds 
Tolerance cccccccccss 2 O38 mlioressoond 
Signal to noise ratio... Greater than 10:1 
Input and output impedance .50 to 2000 ohms 
Carrier frequency. . 100 kc — 1 mc 
Delay to puise rise time .Up to 800:1 


WRITE FOR COMPLETE COMPONENTS CATALOG 159 
ELECTRONICS DIVISION 


CURTISS-WRIGHT 


CORPORATION * WEST CALDWELL, N. J. 
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specific shape and size availabilities 
included. Polymer Corp. of Pennsyl- 
vania. > 674 


INSTRUMENT GEARS—Booklet outlines 
adaptability of standardized precision 
gears and allied components to a vari- 
ety of instrument design requirements. 
Thirty-two page “Better Products for 
Automation Through Standardization” 
includes pin hubs, clamp-type and hub- 
less gears, worm and wheel drives, 
tooth-to-tooth error, burrs, pitch ranges, 
backlash, and other topics. With illus- 
trations, engineering drawings and data 
tables. PIC Design Corp. >675 


NUMERICAL CONTROL SYSTEMS 

Illustrated 32-page Bulletin ER-312/I 
gives principles and applications of the 
Inductosyn positional transducer and 
describes both the linear and rotary 
types and applications. The punched- 
tape machine tool control system for 
micro positioning can control any num- 
ber of linear and rotary axes and pro- 
gram for simultaneous or sequential 
operations. Ferrand Controls, Inc. 676 


MOTORS AND BLOWERS—Two and 4- 
pole induction motors, capacitor motors, 
universal motors, gearmotors, single and 
double blowers, and blower heater 
units in fractional hp ratings are cov- 
ered in catalog. Tables provide tech- 
nical data on horsepower, voltage 
ratings, load speed, rotation and mount- 
ings, with performance curves indicat- 
ing speed and torque. Heinze Electric 


Co. ->677 


ELECTROMECHANICAL EQUIPMENT 

Bulletin 1300 describes electric actua- 
tors, 28-volt and 400-cycle motors, 
screwjacks, gear boxes and_ control 
equipment for aircraft, missile, ord- 
nance, marine and industrial applica- 
tions. General design and operating 
parameters are given. Hoover Electric 
Co. >678 


ADJUSTABLE SPEED DRIVE —-Eddy-cur- 
rent clutch type drive of 94 to 74% hp 
will supply precise operating speeds for 
machine tools, process machinery, test 
equipment, windups, conveyors, print- 
ing presses and similar equipment. The 
6-page Bulletin 2750 gives dimensions, 
information and a cutaway view of the 
drive for continuous operation at full- 
load constant torque ranges to 34:1. 
Louis Allis Co. >679 


MOTOR CONTROLS— Illustrated “Motor 
Control Quick Selector Chart” with 
index tabs includes motor control rat- 
ings, sizes, features, catalog numbers 
and ordering instructions. Arrow Hart 


& Hegeman Electric Co. ->680 


ROTARY STEPPING SWITCHES—Circu- 
lar 1698-H contains descriptions, specifi- 


ELECTRICAL MANUFACTURING 





A new table-top Whiteprinter at a new low price 


The versatile 


REPROFAX VIKING 


The Reprofax Viking handles up to 80% of technical 

print requirements in average industrial copying opera- 

tions. This table-top Whiteprinter has a full 18-inch 

width for reproducing drawings up to 18 inches wide 

by any length. It processes prints with speeds up to 

18 feet per minute . . . production performance that 

can’t be matched in its price class! 

Look at these Viking features: no venting required - 

cool, odorless, quiet operation « plug in to any standard 

115-volt outlet - full developer coverage at all speeds 

for sharp copies every time. Reproduction Products Company 

And the Viking is perfect for supplementary use in high- 12790 Westwood Avenue, Dept. K-5 
volume print rooms, too! The Viking is simple to Detrelt 23, Michigan 

operate. You can locate it anywhere. Please send me your free folder with 
Let us show you how the Viking can go to work for CES ORE ae Rapa TN 
you. Simply mail the coupon today. 


Name 


REPROFAX’ PRODUCTS | ~~ 


Compan 
REPRODUCTION PRODUCTS CO. « A SUBSIDIARY OF 7 


A DIVISION OF GENERAL ANILINE & FILM CORPORATION 
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cations and outlines of stepping switches 
with “home” positions. Series OCS re- 
lays and Type 44 and 45 switches are 
detailed. Automatic Electric Sales Corp- 
oration. > 681 


PRINTED CIRCUITS—‘Reliability and 
Cost in Printed Circuits” discusses in 
14 pages the relationship between var- 
ious factors affecting both cost and 
reliability and points out that proper 
printed circuit design may reduce cost 
while increasing reliability. Sections on 
design, manufacture, quality control, 
assembly and use. Arthur Ansley Manu- 
facturing Co. > 682 


LACING CORD — Four-page brochure 
contains a listing of complete specifica- 
tions on 76 synthetic lacing cords and 
tapes including tensile strength, diam- 
eter, color, thickness, etc. Covers a 
variety of finishes and materials in 
accordance with general and military 
specifications. Alpha Wire Corp. ~>683 


ENVIRONMENTAL TESTING-—Testing 
equipment for temperature-humidity, 
constant temperature and baths is de- 
scribed in 41-page Catalog 500. Six 
types of temperature-humidity equip- 
ment, six types of constant temperature, 
and eleven different baths are described 
with specifications. American  Instru- 
ment Co., Inc. > 684 


heh 


ZENITH 


Multi-Circuit 


TIMERS 


Zenith Multi-Circuit Cycle Timers 
are available in models and types for all 
timing, mixing, compounding, processing 
and similar operations. They can be sup- 


plied in any time cycle and any number Ganmaniows, Sunteeniiy and a 
0) our p uction lines 


of switches. 


Request details on the Zenith Master 
Programmer and other multi-circuit Cuenta Service — on new de- 
timers. Write on company letterhead for 
complete 64-page catalog describing automatic transfer and re- 
mote control switches, magnetic contactors, program clocks and 


Model WM — Compact Design 


timing controls. 


See Classified Directory for Name of Local Representative 


152 WEST WALTON STREET - 
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A New Design Concept 
in Multi-Circuit Program Control 


a 
eos 
A 


Model WO —Master Programmer 


Master programming dials control operation of all circuits and 
sequencing relationship between circuits in the cycle. Adjustments 
are easily made on the face of the panel. As many as 48 “‘on” and 
“off” operations can be made on any one circuit without disturb- 
ing operation of other circuits. Single heavy-duty motor drives 
entire unit to assure full synchronization of operations and dials, 


CHICAGO 10, ILLINOIS 


HYDRAULIC SERVO ACTUATORS—De- 
sign data is the subject of 15-page 
booklet describing linear and rotary 
servo actuators for use in applications 
requiring wide dynamic speed range 
and high-frequency response. Booklet 
includes nomographs for determination 
of actuator size, pressure, and flow re- 
quirements needed to meet specified 


servo loop performance figures. Dalmo 
Victor Co. > 685 


LIMIT SWITCHES—Folder EA-154 de- 
scribes six industrial-duty precision 
limit switches with a variety of opera- 
tors, plungers and _ levers possible. 
Physical dimensions, uses, forms, elec- 
trical ratings and descriptions are in- 
cluded. Cutler-Hammer, Inc. > 686 


CERAMIC STANDOFF 
Detailed physical specifications and 
prices on 14 basic styles of JAN ce- 
ramic standoffs in a wide range of 
sizes are given in Catalog 42-181R3. 
Over 75 different standoffs are de- 
scribed, made of grade L-5 material in 
accordance with JAN-1-8 and JAN-1-10 
specifications. Centralab, a Div. of 
Globe-Union Inc. > 687 


INSULATORS 


TERMINAL PULL TESTER—Tester de- 
scribed in 2-page Bulletin 750e is used 
for sample-testing mechanical strength 
of solderless electrical terminals on the 





Somethi 
trouble . . 
Screws. 
rmity 


run smoothly 
control is simplified 


sSwers. 





when you specify 


and your quality 


elopments, or when you have a 
pedlien, let us provide the an- 


Send for detailed price catalog. 


production line or in the laboratory. 
Data sheet describes the application, 
construction and operation of the air- 
powered tester. Includes specifications 
for unit’s turret head, which makes 
it adaptable for testing most primary 
and heavy-duty electronic cables. Hunter 
Spring Co., a Div. of American Ma- 
chine & Metals, Inc. > 688 


ROTARY SERVO COMPONENTS- 
motors, motor generators and synchros 
with specifications, typical outlines and 
descriptive material appear in the 16- 
page condensed catalog of the major 
standard components of Kearfott Com- 
pany, Inc. > 689 


Servo 


MINIATURE BALL BEARINGS —Conver- 
sion tables giving other manufacturers’ 
numbers for equivalent miniature ball 
bearings are featured in 4-page bulletin 
illustrating and describing Filmoseal 
RMB bearings made to ABEC-1 and 
ABEC-5 tolerances. Information is given 
on tolerances, clearances, lubrication 
and packaging, ball separators and 
load capacity. Landis & Gyr, Inc. ->690 


CONDUCTIVE PLASTICS PRECISION 
POTENTIOMETERS Forty-eight page 
combined catalog and design data de- 
scribes rotary, cylindrical rectilinear, 
and rectangular rectilinear precision 
potentiometers. Resistive element is 


MOORE - - « your dependable source 
tr DEPENDABLE. 


SET SCREWS , 


® standards or specials 
® one or a million 

® precision made 

® quality controlled 

® priced right 


-i 


as small as a set 
screw shouldn't give you any 
. and it won't, either, 
Moore Set 
Rigid quality control 








“cup, oval, round, flat, 
cone, dog 


steel, brass, bronze, stain- 
less, ‘aluminum, alloy 
steel, monel 
Special Heads — milled, slabbed, 
double siot, knurled. 


Miniature Headiess—#{0, #1, #2, 
#3 sizes in a wide selection of 
metals, finishes, lengths and points. 


14°20}; 820m George W. Moore, Inc. 
SET SCREWS 


since 1880 
85 Beaver St., Waltham 54, Mass. 
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DATA FILES 
Allied ——* 


METAL FINISHING 
PROCESSES 


A complete line of quality products 
and processes developed primarily as 
a result of helping manufacturers like 
yourself solve their metal finishing 
problems. If one of our present prod- 
ucts does not meet your needs, we’ll 
be glad to work with you to find an 
answer to your problem. 


EQUIPMENT AND 
COMPLETE SYSTEMS 
for Metal Finishing 


Process Engineered—Single pieces 
of equipment or all equipment neces 
sary for a finishing operation—evalu- 
ated, designed, fabricated, installed 
and tested to match exactly your 
particular process. Ask about our 
Process Engineering Service. 


CHEMICALS AND SUPPLIES 


Prompt service on a wide variety of daily-use 
necessities for the plating room, delivered from 
warehouse stocks strategically located in cities 
in metalworking areas. 


Gani. 
Chromate Conversion 


Coatings for Non-Ferrous Metals. 


PERILAC ) Clear Protective Coatings 


for All Metals. 


® 
ISOBRITE Chemically Different 


Plating Brighteners. 


om TARP } Process chemicals. 


; =. CIUUITID recririces 


Silicon and Selenium, built to exacting 
specifications for long life, trouble-free 
service. 


CITTILD auto-toapers 


for fast, economical transfer of racks and 
parts, conveyors to plating machines, 
between conveyors. 


AUTOMATIC AND SEMI-AUTOMATIC 
PLATING MACHINES 


BARRELS, TANKS and other equipment. 


® 
Gave anopes 


in copper and zinc. 


TTL Fiat copPER 


CADMIUM, WHITE BRASS AND TIN ANODES in 
most efficient shapes. Acid Replacements, Buffs, Chemi- 
cals, Cleaners, Maintenance Materials. 


Ask your Allied Field Engineer about our Subscription Plan 


NICKEL RECASTING SERVICE which combines your new nickel purchases with a service to 


recast your butts and spears, resulting in substantial savings 


Allied Research Products, Inc, WRITE Toray ron conus ot 


these useful files describing tech- 


4004-06 EAST MONUMENT STREET nical details of our complete line, 
BALTIMORE 5, MARYLAND OR, phone your Allied Field Engi- 
Branch Office: 400 Midland Avenue, Detroit 3, Michigan neer. He's listed under “Plating 


Chemical and Electrochemical Processes, Anodes, Supplies” in your 'phone book. 
Rectifiers, Equipment and Supplies for Metal Finishing 
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THE MODERN TOOL...AT 


TAPE 


WORK FOR MODERN INDUSTRY 


wanes MF 


New! Polyken #292 glass fabric tape with silicon adhesive 
for use in high-temperature applications such as jet aircraft. 


Four new tapes—three thermo-setting, 
one thermo-plastic—have been added to 
the Polyken line. 

That means you can now get a Poly- 
ken tape for almost any electrical use 
you can think of. No more need to 
search among several manufacturers. 

Nice to know, too, that now all Poly- 
ken tapes can be assorted for quantity 
discounts. 

Polyken ... the brand with half a 
century of scientific research and proved 


New! Polyken #158 cotton- New! Polyken #154 acetate 
backed electrical thermo-set- cloth-backed thermo-setting 
tingtape. Usedinelectricmotor tape, used for small gauge 
coil winding, etc. 


construction, etc. 


242 


performance behind it. Find out what 
it can do for you. 

Polyken representatives are among the 
industry's best trained technicians in the 
use and application of industrial tapes. 
They are ready to help you. Check with 
the Polyken Industrial Tape Distributor 
nearest you. Look in the phone book 
under “Tapes”, or write to Polyken Sales 
Division, 309 W. Jackson Blvd., Chicago 
6, Illinois. (In Canada, write Polyken, 
Curity Ave., Toronto.) 


New! Polyken #293 glass cloth- 
backed electrical thermo-set- 
ting tape is used for electrical 
appliances, etc. 
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Find Your 
Nearest Distributor 
. In The 


‘Yellow Pages’ 
<= 


oluken 


vue KENDALL COMPANY 
Polyken Sales Division 
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Little Rock 
Pine Bluff 


Emeryville 
Fresno 
Hawthorne 
Highland. 
Hollywood. . 
Los Angeles. . 
Los Angeles. . 
Los Angeles. 
Los Angeles. 
Los Angeles. . 
Los Angeles 
Los Angeles. . 


National City 


Oakland 
Sacramento 
San Diego 


San Francisco... . 
San Francisco. . 
Son Francisco. . 
San Francisco. . 


San Francisco 


Denver. . 
Denver. 
Denver 


Bridgeport 
Bridgeport. 


Bridgeport. ... 


Hartford. ... 


New Britain... 


New Hoven. 
Stomford 


Jacksonville. 
Jacksonville 


Atlanta 
Atlanta... 


Chicago 
Chicago.... 
Chicago... 
Chicago 


Chicago...... 


Chicago. . 
Chicago. 
Peoria 


Ft. Woyne 
Hammond. . 
Indianapolis 
indianapolis. 
Indianapolis 


South Bend 24 


Davenport. 


Sioux City.... 


Waterloo 


Wichita 


Lovisville 


New Orleans 


Shreveport..... 


Baltimore 
Hyattsville 


Boston. ... 
Cambridge 
Springfield 
Springfield 


Worcester. ....++- 


Bottle Creek. . 


Detroit. 
Grand Rapids 
Jackson 
Lansing 
Muskegon 


Minneapolis 


Kansas City 
Konsas City.. 
Kirkwood. . 
St. Lovis.... 
St. Louis 


Billings 
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POLYKEN DISTRIBUTORS 


ARKANSAS 
Arkansas Paper Co. 
. Smith Paper Products Co 


CALIFORNIA 
Zellerbach Paper Co 
. Zellerbach Paper Co 
American Latex Products Corp 
. Richmond Paper Co 
. Reese Supply Co. Inc. 
Fillmore & Garbar 
..L A Supply Co. 
. «Kent H. Landsberg Co. inc, 
Noland Paper Co. Inc. 
. Western Fibrous Glass Products 
Wilson Paper Co. 
Zellerbach Paper Co 
Zellerbach Paper Co 
: Harry P. Robarts Co. 
‘ "Lellerbach Paper Co. Buffalo. . 
Buel-Town Co. Buffalo.. 
Gilmore Steel & Supply Co. 
C. J. Hendry Co. 
Hobart Bros 
. Western Fibrous Glass Products 
Zellerbach Paper Co. 


COLORADO 
Emblem Tape & Label Co. New York... 

Katzke Bros. Paper Co New 

Union Supply Co. Inc. New 


New 

CONNECTICUT Rochester... 
Equity Paper Co Syracuse... 

Lott-Merlin, Inc Troy.... 

. . Rourke-Eno Paper Co Utica. . 
. .Rourke-Eno Paper Co 
Mill Supplies, Inc 
“The Chatfield Paper Co 
Lott-Merlin, Inc 


Omohe.. 


Clifton 
Elizobeth.... 
Englewood... 
Hoboken. . 
Newark. 
Newark. 
Paterson... 


Albuquerque 


Astoria, L. I 


Garden City, L. 


Elmira Heights. 
Jamaica 
Long Island Cit 


Charlotte. 
Greensboro. 
Raleigh 
FLORIDA 
. . Industrial Marine Service 
mperry Packaging & Distributing 
. . .Condas Corporation 
Industrial Supply Corp 


GEORGIA 


Cincinnati 
Cleveland. . 
Cleveland. . 
Cleveland 
Columbus. . 
Dillard Paper Co 
‘Wyant & Sons Paper Co 
National Paper Div 
Dillard Paper Co 


ILLINOIS 


Abana Products Inc 
Chicago Paper Co. 
Chukerman Paper Co 
Durable Products 

inlander Steindier Paper Co. 
Knox & Schneider 
Schwarz Paper Co 
Schwarz Paper Co 


Tulsa 


Portland 
Portland... 


INDIANA 
Allen Steel & Supply Co. 
Inlander-Steindler Paper Co 
Donham-Harris Inc 

Duo-Fast of Indiana 

Ochs Paper Co. Inc 

Valley Paper Co. Div. of 
Schwarz Paper Co 


Hershey 
Johnstown 
Lancaster 
Philadelphia 
Philadelphia. . 
Pittsburgh 
Pittsburgh... 
Pittsburgh 
Scranton 
Springfield 


IOWA 


Peterson Paper Co 
Carpenter Paper Co 
Waterloo Paper Co 


KANSAS 


. Southwest Paper Co. 


KENTUCKY 


Southeastern Paper Co 


LOUISANA 
Stevens-Band Paper Co 
3 Lovisiana Paper Co., ltd 
MARYLAND 


F .W. Winne & Son, inc 
. Seaboard Papers, inc 


Providence 


Greenville. ..... 


Knoxville 
Knoxville. . 
Memphis. . . 
Nashville 


Grand Prairie 
Houston. . 

Andrews Paper Co 

H. J. Dowd Co., Inc 

Carter Paper Co 

" ‘Rourke-Eno Paper Co., Inc 

The J. C. Campbell Paper Co. 

of Worcester 


Salt Loke City 
Salt Loke City 


MICHIGAN 
Cortright Paper Co Bristol. 
F. W. Winne & Son Inc Norfolk. 
Grand Rapids Paper Co Norfolk 
Crown Paper & Bag Co Richmond 
z Cathey Compony Roanoke 
Steindler Paper Co 


MINNESOTA oo 
Martin F. Falk Paper Co a 
Martin F. Falk Paper Co pokane 


MISSOURI 


Joplin Paper Co 
Bossert Company 

. Wertgame Paper Co 
Industrial Ideas 

Royal Papers, inc 
Rubber Products Corp 


MONTANA 


Winter Hordware Co 


Madison 
Milwaukee... 
Milwaukee 
Milwaukee. . 
Neenah 


Honolulu 


Ridgefield. ... 
Trenton, ..eeeees 


Youngstown.... 


Oklahoma City. ......+- 
Oklahoma City 


Salt Lake City. 
Solt Loke City... 


Appleton. ....+5+ 


Honolulu... ceeeees 


NEBRASKA 
Nogg Bros. Paper 


NEW 1 ae 
Ralph E. Boker 


Co. 


Co. 


- Hand Hardware 
J . Coronet Paper Corp 


D. S. MacCorkle, 
Abco Plastic & Supply 


Herbert A. Post, 


Inc. 
Co 


Inc 


Theodore R. Levine & Sons 


Pack & Seal, 
NEW “MEXICO 
Equipment Sales & Mfg 


NEW YORK 
Herbert A. Post, 
. .Hartfield-Healy Supply 


George H. Swatek 


Inc. 


Co. 


Inc 


Co. 


- Presque Isle Paper Products 


. Union Paper & Twine 
Shoemaker Paper 


i. ee Industrial Supply Corp 


Waight Supply 
The Welles Supply 
Pacific Supply 


Co 
Co 


Co 
Co 
Co. 


y Viking-Criterion Paper Corp 


. Coy Disbrow, Div. of Pohiman Co., 


Geo. W. Millar & Co., 
Robert Spector 
Westwood Paper Co., 

. The Mill Andrews Paper 


Inc 
Inc 
Co 
Inc 


Co 


. + Allied Products 
Sperry Supply Corp 


Smyth-Despard 


NORTH CAROLINA 


. Dillard Paper 
. Dillard Paper 
. Dillard Paper 


Co 


Co 
Co 
Co. 


The Chatfield Paper Corp 


The Central Ohio Paper 

Gascon Paper 

Union Paper & Twine 

. The Cincinnati Cordage & Paper 
. Reliable Rubber Products 
Federal Wholesale 

The Ohio & Michigan Paper 
The Hearn Paper 


“OKLAHOMA 
C. B. Anderson 
: Service Supply 
C. B. Anderson Electric 
Industrial Equipment 
Tulsa Paper 


OREGON 


Co 
Co 
Co 
Co 
Co 
Co 
Co 
Co 


Co 
Inc 
Co 
Co 
Co 


Western Fibrous Glass Products 


General Rubber & Supply 


"PENNSYLVANIA 


Hershey Pape: 

Morris Paper 

United Twine & Paper 
The J. L. N. Smythe 

Frank W Winne & Son 

The Chatfield & Woods 
Interstate Cordage & Paper 
Morris Paper 


Co 


Co 
Co 
Co 
Co 
Inc 
Co 
Co 
Co 


Stan-Tone 


The Baeod 


RHODE ISLAND 


Norragansett Paper 


SOUTH CAROLINA 


Dillard Paper 


TENNESSEE 
Dillard Paper 
"The Cincinnati Cordage & Paper 
Mayer Myers Paper 
Clements Paper 


TEXAS 
Airsco Rubber Prod. of Dallas 
Field Parker 

Cc P Waggoner Sales Co 
Frank W. Winne & Son, 


UTAH 

American Paper & Supply 
Equipment Supply 
Great Western Supply 
° e J. B. Tile 

VIRGINIA 
Dillard Paper 
Empire Machinery & Supply 


Co 


Co 


Co 


Co 
Co 
Co 
Co 


Inc 
Co 
Inc 
Inc 


Co 
Co 
Co 
Co 


Co 
Co 


J. Henry Holland Corp 
Industrial Supply Corp 


Dillard Paper 
WASHINGTON 


Co 


. Marinco Supply inc 
Western Fi brous Glass Products 


Zellerbach Paper 


"WISCONSIN 


Universal Paper 


Co 


Co 


Schwarz Paper Co 
F. D. Haker Co 
Redi Products Company 


Reliable Paper Co, 


Inc 


Sawyer Paper Co 


" 
. .Chapson Bros 
. The Thom Co 


oluken 


INDUSTRIAL TAPES 


ltd 


Inc 


integrally co-molded conductive plastic. 
Sections on general characteristics, 
specifications, test procedures, and list 
of applicable military specifications. 
Markite Products Corp. >691 


TRANSISTORIZED EQUIPMENT AND 
COMPONENTS—Catalog for 1959 fea- 
tures semiconductor power 
converters, a 


supplies, 
plug-in 
miniature 


transistorized 
transistorized i-f amplifier, 
rectifier transformers, and_ transistor 
test equipment, including an alpha 
meter, beta meter, and noise figure 
meter. Ferrotran Electronics Company, 


Inc. ->692 


SELSYNS AND SYNCHROS—Most com- 
monly used models of the high-accuracy 
class of Selsyns and = synchros for 
precise remote control applications are 
described in 16-page bulletin GEA-6675. 
Accurate from +1.50 to +0.3 deg. Pub- 
lication discusses generators, motors, 
control transformers, differential genera- 
tors, differential motors, tandem Selsyns, 
and system operation. Includes schema- 
tables, charts 
and dimensions. General Electric Com- 
pany. > 693 


tic and line drawings, 


RESOLVER—Data Sheet 117-7 describes 


single synchro resolver with 2-phase 
rotor and stator for rotating rectangular 
coordinates and interchanging polar 
and rectangular coordinates. Also in- 
cluded are characteristics and a sche- 
matic. Sheet 117-8 


resolver for 


describes triple syn- 

controlling three 
circuits from common drive. Lear, Inc. 
Grand Rapids Div. > 694 


chro 


MAGNETIC SERVO AMPLIFIERS 

High-power transistorized amplifiers for 
power control of automated machines 
are described in 8-page Brochure S-961, 
“High Power Transistor Magnetic Servo 
Amplifiers.” Deals with 1 to 4 stage 
systems, utilizing a-c or d-c 
characteristic curves 
Amplifiers, Inc. 


inputs. 
Transfer 
Magnetic 


shown. 


> 695 


CORONA EFFECTS ON POLYETHYLENE 

Publication 58-981, “A Study of the 
Effects of Corona on Polyethylene” 
(originally presented in 1958 before 
the AIEE), has been reprinted and to 
it has been added data on an additional 
series of tests for a total of 400,000 
sample hours. E. 1. du Pont de Nemours 
& Co., Inc. > 696 


EPOXY RESINS—-Selection chart of 4 
pages for 130, 170 and 180 C tempera- 
ture classifications includes such factors 
as use, properties, filler, pot life, cure, 


consistency and reactor for epoxy resins 
made by John C. Dolph Co. >697 


SOLENOID VALVES—Valves of bronze 


and stainless construction for 
use with pressures from 0 to 10,000 


steel 
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‘Carter 


en 


—_ 
universa. acjocc Motor 


. .. from the NEW Source of fine specialty Motors 
.. + CARTER ... with a background of over 
25 years experience 


Totally NEW ... and engineered to the highest standards of mechanical and electrical 
excellence .. . the CARTER CLASSIC FHP motor incorporates all the advances in 
materials and manufacturing techniques developed in recent years. 


PRECISION DIE CAST CONSTRUCTION 


Armature, frame and brackets . . . in fact every component has been expertly 
created to provide a totally NEW quality motor, not a composite of existing parts 
or old design. Super-precision, sealed ball bearings, no lubrication necessary. 


Larger brushes provide performance beyond normal requirements, reduce mainte- 
nance. Standard mounting plate can be furnished. Speed governor available. 


8 NEW MODELS TO CHOOSE FROM 
HP. 1/35 1/25 1/20 1/15 1/20 1/18 1/12 1/10 
R.P.M. 3600 5000 7500 10000 3600 5000 7500 10000 
Overall size 4%" x 3%" x 3%" high. Weight 3% Ibs. 
Available as universal, shunt or series motors from 12v. to 220v. input. 
The CLASSIC is produced in the sparkling new Carter factory, designed expressly 
for efficient, economical motor production and is backed by more than a quarter 


tentury motor building experience. Fast delivery, personal attention, complete 
engineering service. Standard models modified to your application, 


You can rely on this dependable new motor source to power YOUR products, A 
line s0 distinctive, so superior, you too will soy “It's CLASSIC”. Low cost will surprise 
you... . pleasantly. 


WRITE FOR CATALOG SHEET, PRICES, FULL DETAILS 


Carter Motor Company 
2708 West George Street «+ Chicago 18, Illinois 


Large Enough To Serve You . .. Small Enough To Want To! 


8 @ ow 


SALES OFFICES IN PRINCIPAL CITIES OF THE WORLD 


Circle 227 on page 17 


psi and temperatures from —300 to 
+500 F may be used for air, steam, 
corrosive gases and liquids. The 36- 
page Catalog 444 gives valve specifica- 
tions, performance data, specific appli- 
cation information and optional fea- 
tures. Atkomatic Valve Co. > 698 


TANTALUM CAPACITORS — Sixteen- 
page booklet “What to Expect from 
Fansteel Tantalum Capacitors” dis- 
cusses capabilities and limitations of 
the wet electrolytic type unit. Includes 
tables, charts, curves and descriptions 
of temperature, frequency, surge volt- 
age and life tests. Fansteel Metallurgi- 
cal Corp. 699 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 


as your source. 


ULTRASONIC DELAY LINES—Bulletin 
TD58, a 35-page mimeographed man- 
ual on “Procedures For Testing 
Ultrasonic Delay Lines,” covers basic 
inspection, single-terminal impedance 
measurements, overall insertion loss, 
band width, ripples in the band pass, 
secondary signals, multiple travel sig- 
nals, direct feedthrough, sum of second- 
aries, delay time, absorption — in 
medium, temperature effects and other 
variables such as military requirements. 
Applications to high-speed computers, 
radar MTI and integration kits, as well 
as timing devices are considered. 
Available from the Arenberg Ultrasonic 
Laboratory, Inc., 94 Green St., Jamaica 
Plain 30, Mass., at 25¢. 


SEMICONDUCTOR RECTIFIERS -A 16- 
page “short form” catalog gives 
ratings, electrical characteristics and 
descriptive data on silicon and selenium 
rectifiers and diodes. Specifications 
cover more than 140 types of silicon 
rectifiers (including 63 zener diode 
types), 47 silicon cartridge rectifiers, 
and more than 130 selenium rectifier 
and contact protector types. Available 
on letterhead request from International 
Rectifier Corp., 1521 E. Grand Ave., 
El Segundo, Calif. 


PHOTOCELLS An 8-page catalog, 
“Selenium Photovoltaic Cells,”  de- 


25 standard selenium cell 


scribes over 
types, including cell structure and 
operation, performance characteristics, 
output current curves and_ typical 
applications. Copies of Bulletin PC- 
649A available by letterhead request 
from International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, Calif. 
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ROEBLING MAGNET WIRE 


lives up to your reputation. 


When the switch is thrown, magnet wire customers more, in terms of satisfying performance What's 


more, you choose the pac kaving that’s night for your product 
and produc tion \ Copy ol Roebling su eful new Magnet 
in everything from Wire Fact Book is yours for the asking. Write Electrical 
generators, transtormers and motors to tiny Wire Division, John A. Roebling’s Sons 
coils— Roebling Magnet Wire provides an Trenton 2, New Jersey. 


extra increment of dependability. That 


carries the responsibility of upholding your 
reputation 


Wherever it’s used 


( orporation, 


s because. in every 
one of its scores of sizes and types, it is skillfully made of 


0 ROEBUING 4) 
prime ingredients. then stringently inspected and tested cone 


Branch Offices in Principol Cities i 
You pay no more for this wire— yet it lets you give your Cicttn ak Ci Catal Tat ak an Commend 





FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages !7 and 19. 


New 


Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


HEAT RADIATOR 
FOR TRANSISTOR 


black-anodized aluminum 
(Model 3AL- 


transistors 


One piece 
heat dissipating device 


672) for diamond-shaped 


provides 12 sq in. radiative surface. 
Under typical conditions about 30 deg 
C cooling is obtained. The device is 
mounted with the transistor to the 
interfere with 
operation or servicing. The Birtcher 
Corp., 4371 Valley Blvd., Los Angeles 
32, Calif. 479 


chassis and does not 


PLASTICS CLAMPS AND TIES 
Wire cabling tie of molded polyethyl- 
locked by 
of beads into the narrow end of the 
eye so that this slit grips the connect- 


ene is forcing the strand 


ing filament between adjoining beads. 
Removal and reuse of the tie is 
equally simple. The 41% in. long tie is 
made in red, blue, and yellow; is re- 
usable indefinitely 
45 |b pull. 
The flexible 
tubing are molded in sixteen sizes in 
ethyl cellulose with collar ID’s from 
1. to 1'4 in. and in 9 sizes in nylon 
with collar ID's 
Gries Reproducer Corp., 400 Beechwood 
Ave., New Rochelle, N. Y. > 480 


and withstands a 


clamps for cable or 


from 4% to 5% in. 


QUENCHABLE CONNECTOR 


Connector capable of maintaining elec- 
trical integrity and a hermetic seal up 
to 1200 F is 
shocks of over 700 F. 


impervious to thermal 


Made of 300- 


series stainless steel with a chemical 
bond to boron-free ceramic material 
nuclear en- 
vironments without deterioration. Con- 


capable of operating in 


nectors available in most popular con- 
figurations. including —subminiature 


sizes. Technical Industries Corp., 389 


Pasadena, 
> 481 


Oaks Avenue, 


No. Fair 
Calif. 


HIGH-TEMPERATURE 
RESISTANCE ELEMENT 


Resistance element stable to 500 C is 
produced by a special process which 
fires a metal resistance path (complete 
surface or pattern) onto a ceramic 


base at temperatures exceeding 600 C. 
Element provides reliability at elevated 
temperatures required in military ap- 
plications. Current data indicates a 
temperature coefficient under 250 
ppm/deg C over a range of —63 to 
+-150 C. Resistance range is from 10 
ohms to 100 k ohms per square. Chi- 
cago Telephone Supply Corp., Elkhart, 
Ind. > 482 


SILICON DIODE SWITCH 


Self-actuated switch is similar in fune- 
tion to a relay or gas tube. The switch 
may be applied to pulse-generator cir- 
cuits, d-c to d-c power conversion, 
detonator-firing circuits, and other ap- 
plications usually requiring thyratrons 
or relays. It is turned on by a voltage 
pulse, turned off by dropping the cur- 
rent or reversing the voltage. 

The Type AD four-layer diode is 


capable of handling 300. ma_ steady 
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from "larzian 


Silicon Rectifier 
Type 5U4 Tube 


Replacement 


eye Rata ticket) Pa aT 
de el >) ol eee aa te avis 
gedness and dependability are important. No 
filament power is required and operation is in- 
stantaneous. High efficiency allows saving on 
Teer t el dule) aol 


® No Filament Power  ® Horizontal or Vertical 


© 1600 Peak Inverse 
OTEK: 


© 600 Milliamperes DC 


Sem 


AC LL" 
® Good Regulation 
Sm Aad 
© High Efficiency e Immediate B+ Voltage 


MAXIMUM RATINGS FOR 
$-5251 FULL WAVE SILICON RECTIFIER 


PEAK INVERSE VOLTAGE 
a ae 2 a 


1600 V MAX. PER SECTION 
6000 MA MAX. PER SECTION 
oMemmelRi Uh Meee 14. bi CTT We. 
AMBIENT TEMPERATURE 100°C MAX 
ia Nes: TYPE 5U4 


Write for Design Note #36 


INI 


from Cees ian 


Silicon Rectifier 
Type 6X4 Tube 
Replacement 


ed ime ld 


© 500 ma dc, 1600 piv 


Oey mec 


tik] 


Interchangeable OTT me a 


© High Efficiency © Hermetically Sealed 


RECTIFIER DIVISION 
CTmeko Mace] iL De 


SARKES TARZIAN, INC., 


415 NORTH COLLEGE AVENUE, @ DEPT. 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGER 2-7535 * EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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NEW 


DIXON Rg 


Wa 


SCREWS AND NUTS 
AUTOMATICALLY DRIVEN 
WITH PRECISE TORQUE CONTROL 


Gives you... 


1 Complete control of screws from parts 
feeder to chuck, until threads are started. 
Ne dependence on gravity to load chuck. 


2 Exclusive built-in sensing, assures that 
screw is driven. Automatically retracts 
driver only after attaining proper torque. 


3 Complete automatic cycle, requires only 
@ touch of the pedal. 


4 Torque eccuracy within 5%, comparable 
te most precise hand-torquing methods. 


Clutch free-wheels after driving. Operator 
cannot vary the torque. 


6 Twe ranges of torque available 0 to 84 
inch-pounds and 48 to 120. 


7 Work height adjustment with 14” range, 
can be made without in any way disturb- 
ing the machine adjustments. 


Model $0-.100, 
above, tooled for 
any standard screw 
up to %”" thread 
size. Special tooled 
feeders available. 
Model $0-101, 
without floor col- 
umn, provides a 
automatic 
station. Maximum 
width 6 inches. 


The new DIXON Auto-Torque Driver includes 
all the features of the DIXON Auto- 
Positioner, .and has an efficient space- 
saving air motor with an adjustable-torque 
clutch. These features provide for positive 
handling, giving new efficiency in driving 
screws and nuts. 

ASK FOR BULLETIN $0-B81 

illustrating and describing design 


and operating features and giving 
specifications. 


DIXON AUTOMATIC TOOL, INC. 
Late 


2305 ~ 23rd AVENUE 
[DIXON] ROCKFORD, ILLINOIS 
Winners 


Equipment for Automatic Parts Handling and Assembly 


248 Circle 230 on page 17 





d-c or a 20-amp pulse current. Four in 
series will switch 800 volts, allowing 
use in magnetron pulsing, radar bea- 
cons and other modulator applications. 
Available with switching voltages of 
20, 40, 50 and 200 volts and holding 
currents of 5 to 45 ma. Shockley 
Transistor Corp., Stanford Industrial 
Park, Palo Alto, Calif. > 483 


LOW-AMPERAGE 
CIRCUIT BREAKERS 


Smal] switch-rated breakers (Type 
SA), 5 through 20 amp, have applica- 
tion on 120-volt equipment such as 
household appliances, hospital appa- 


1atus, power tools, portable generators, 
electronic apparatus, amusement de- 
vices and business machines. Chief 
model (illustrated center) is 11/16 in. 
wide, 2%% in. long, and 21% in. deep. 
Ratings: 5, 10, 15 and 20 amp. Also 
15-amp _ single-outlet 
breaker and a double-outlet breaker 
with two receptacles, one of which 
has separate terminals to which an 
external control switch or an electric 
timer can be wired. Federal Pacific 
Electric Co., 50 Paris St., Newark 1, 
N. J. > 484 


available in 


RIBBON CABLE 


Flat multi-conductor cable is assem- 
bled to customers’ specifications from 
single conductors, twisted and jacketed 
cables, 
shielded and jacketed wires, or in any 
combination. 

Wire types to meet UL, CSA, or 
military specifications. Conductor sizes, 
28 to 8 AWG, stranded or solid; 
insulation, vinyl with or without ex- 
truded nylon jacket; temperature rat- 
ing, 60, 80, 90 or 105 C; voltage 
rating, 300 to 3000 volts, rms; finished 
in 14 solid colors; striped wires with 
one, two, or three tracers. Can be 


pairs and triples, coaxial 


manufactured up to 2 in. or wider. 
William Brand & Co., Inc., Williman- 
tic, Conn. > 485 


DIELECTRIC MOLDING 
COMPOUNDS 


Two glass-fiber reinforced  diallyl 
phthalate molding compounds add 
greater strength, stability, and fungus 
and chemical resistance to the electri- 
cal properties of DAP compounds. The 
reinforced compounds, Types 1-520 and 
1-530, are usable under conditions of 
extremely variable temperature and 
humidity. Tensile strength, 6500-7000 
psi for the two compounds; compres- 
sion strength, 26,000-26,500 psi; flex- 
ural strength, 11,000-13,000 psi. Acme 
Resin Corp., 1401 Circle Ave., Forest 
Park, Ill. > 486 


HIGH-CURRENT 
TERMINAL BLOCKS 


Terminal blocks have tubular-type ter- 
minals for 
without lugs. Connectors are electro- 
lytically pure copper, high-pressure, 
solderless type. Type T, rated at 750 


connecting wire leads 


volts and 125 amp accommodating 
AWG No. 6 to No. 1/0 wire, is avail- 
able with 1 to 6 terminals per block. 
Type U, rated at 750 volts and 250 
amp, accommodates No. 4 to 250 
MCM AWG. Tightening the socket- 
head wire-clamping screws gives a 
positive, completely positioned connec- 
tion, eliminating the need for applica- 
tion of lugs to the leads. 

Type L, O and S Terminal Blocks 
are designed for the connection of 
leads with lugs. They are rated at 750 
volts, for 100, 125 and 225 amp, re- 
spectively. The blocks are somewhat 
more compact, with improved electri- 
cal characteristics, and the Type L, 
for 100 amp, is now available with 
up to 12 terminals. Type L will handle 
up to No. 1 AWG, Type O up to No. 
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UNIFORMITY... 
the common factor in all Auto-Lite Magnet Wire 


HIGH-SPEED MACHINES like this Universal require 
wire of extreme uniformity, both in the drawing of the 
conductor and in the application of the insulations. 
Here’s where Auto-Lite uniformity pays off with 
increased production. For continuity, windability, and 
a reliable space factor, specify “‘Auto-Lite.” 


hte 
i 
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' 
Ea 
me 
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You can depend on the uniformity, quality and 
reliability of the complete Auto-Lite Magnet Wire line 


LectALite, developed especially for 
hermetic use, is 20° to 25° higher in 
heat aging than vinyl-acetal coating 
and has outstanding resistance to 
chemicals. 


IsALite~ 


Polyester film insulation having out- 
standing high-temperature stability. 
Class F 155°C rating. Test conducted 
per ALEE-57 and MIL-W-19583. 


ENAMEL 


Most economical wire for thousands 
of Class A applications. Good adher- 
ence, flexibility, thermal stability, 
and solvent resistance. Excellent for 
use in small relay coils, ignition coils, 
many types of transformers. Espe- 
cially satisfactory for coils where 
layers are separated by paper. Avail- 
able in all gauges. 


AUTO-L 
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DacrALite 


DacrALite is a double wrap of glass- 
dacron fibers over bare conductor. 
Available also over film insulations, 
in square or rectangular. 


SodALite « 


Easily soldered without stripping by 
conventional dip, iron, torch, or gun 
methods. Offered in Class A 105°C 
magnet wire. 


FORMVAR 


Excellent abrasion resistance and 
toughness. Film adheres well to the 
copper conductor and withstands 
excessive elongation of the wire 
during winding without rupture. 
Good space factor and high dielectric 
strength make Formvar an excellent 
choice for high-speed operations. 
Available in all gauges. 


BondALite | 


Coated with a film of thermoplastic 
bonding material over insulated round 
copper wire. For use in any coil 
winding requiring a _ self-bonding 
magnet wire. 


NyALite ;, 


Formvar with nylon over-coat. The 
Formvar maintains the moisture 
resistance while nylon adds craze 
resistance and windability. 


SEND FOR THIS NEW, 
COMPLETE MAGNET WIRE CATALOG 


GENERAL PRODUCTS GROUP 


WIRE AND CABLE DIVISION 


® Plants at: Hazleton, Pennsylvania e 
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TOLEDO 1, OHIO 


Port Huron, Michigan 
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COLUMBUS 
ELECTRONICS 
CORP. 


DOUBLE 
DIFFUSED 
SILICON 
tae 


AXIAL LEAD STUD 


STUD 
7/16—11/16 TOP HAT INSULATED 


Now... an extensive line of high 
performance, hermetically sealed, sili- 
con power rectifiers UP 10 35 AMPS. 
a sae see sce mel ay ale: 


Che NTA 


SINGLE unit VERY HIGH VOLTAGE silicon 
rectifiers exhibiting these desirable 
are aCe) 


HIGH LOW 
VOLTAGE FORWARD DROP 
up te 2000 PIV 1.5 Volts, DC 


EXTREMELY FORWARD 
LOW LEAKAGE CURRENT 
TMA up to 20 Amps. 


NEW 


INSULATED STUD silicon rectifiers 
offering these quality features... 
ETT Tim iLy: 
ny L023 assembly parts |e 
* Obtain efficient heat tra 
Cre ie T iia Coir DR Crt Tike 


AVAILABLE UP TO 10 AMPS PER UNIT AND 
UP TO 2000 VOLTS PIV 


WRITE FOR FULL DETAILS 


UU UM he) ema 
1010 SAW MILL RIVER RD., YONKERS, W. Y 
YOnkers 8-1221 © TWX-Yonkers, NY-1369 
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1/0 wire and Type S up to No. 4/0 
AWG wire. Available with white fiber 
marking strips. Curtis Development 
and Mfg. Co., 3250 No. 33rd St., Mil- 
waukee 16, Wis. > 487 


ALUMINUM INSTRUMENT 
KNOB 


Knob with an opening on the. skirt 
facilitates reading in relation to panel 


Available in 12 
anodized colors. Meets MIL specifica- 
tions. Vemaline Products Co., Haw- 


thorne, N.J. > 488 


letters or numbers. 


INSULATING COVER 


Heat-reactive tubing (No. 3024) shrinks 
under heat to afford tight, abrasion- 
and chemical-resistant electrical — in- 


sulating cover for symmetrical or 
gently contoured shapes and bars. Ap- 
plications are insulation and_ protec- 
tion of harness cables, capacitors, coils, 
ground straps, bus bars, large trans- 
former leads, high-voltage leads, anten- 
nas and electrical conduit. Tubing 
shrinks to normal dimensions in 4 to 
& min at 300 F. Electric strength, 1000 
volts in 0.016-in. wall thickness; ulti- 
mate elongation, 300 per cent. Min- 
nesota Mining & Mfg. Co., 900 Bush 


Ave., St. Paul 6, Minn. > 489 


UNITIZED CONSTRUCTION 
STARTERS 


NEMA size 0 to 4 contactor line pro- 
vides a full range of standard, special- 
design and accessory devices, available 
for applications from 110 to 600 volts 
for fhp to 200-hp motors. “Building 
block” field modification kits are a 
feature. Construction details include 
glass-filled molded contact block for 
resistance to arcing and shock, mois- 
Easily 
silver-cadmium oxide contacts are used. 


ture and fungus. replaceable 


The molded epoxy magnet coils are 
I ' £ 


available in 110/220 or 220/440 volt 
ratings. Clip arrangement or wire con- 
nections facilitate conversion. Manually 
or automatically reset overload relays 
are 100 per cent trip-free. Heater ele- 
ments are available for standard or 
fast-trip ratings. One type auxiliary in- 
terlock is used for all sizes. NEMA 
Type 1, 4, 5, 7, 9 and 12 enclosures 
are available. Allis-Chalmers Manufac- 
turing Co., Milwaukee 1, Wis. ~—>490 


SILICON P-N-P-N SWITCH 


Three-junction p-n-p-n_ switch — has 
thyratron-like behavior and in forward 
direction will either conduct heavily 
or block, depending on gate current. 
Series 3A silicon switches may be used 
in pulse generation and shaping, in- 
verters, motor controls and power sup- 
plies. Rating to 200 volts; peak current 
to 1 amp: turn-on time 0.2 usec. 
Solid State Products, Inc., Salem, Mass- 


achusetts. >491 


MINIATURE POTENTIOMETER 


Fused element-to-terminal bond fea- 
tures Model 207 Trimpot adjustment 
potentiometer with 100 k_ resistance, 
max operating temperature of 175 C 


and power rating of 2 watts at 50 C. 
Construction provides resistance to me- 
chanical stress. 

Dimensions of 9/32 x 13/16 x 144 in. 
allow seven units to be stacked in less 
than 2 sq in. of panel space. The 
25-turn self-locking shaft insures stable 
settings. Low-temperature-coefficient 
1esistance wire on a ceramic card 
provides high temperature stability. 

Rheostat version Model 208 Hi-R 
TrimR, with resistances to 200 k, is 
also available. Bourns Laboratories, 
Inc.. P. O. Box 2112. Riverside, Calli- 
fornia. > 492 


HIGH-TEMPERATURE 
SURFACE COATING 


Clear epoxide coating can be used 
continuously at 500 F and for short 
periods up to 600 F. It is used for 
coating printed-circuit 
tronic circuits and components, metals 


boards, elec- 


and ceramics. It can also be used in 
(Continued on page 252) 
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How many times can 


this nut be re-used ? 


ON ANY BOLT OF STANDARD QUALITY, THE NYLON INSERT 
ELASTIC STOP® NUT PROVIDES DEPENDABLE LOCKING TORQUE 


for over 50 on-off cycles 


The remarkable wear resistance of the tough nylon collar 
plus its elastic recovery characteristic make it possible to 
remove and re-use thé-standard Elastic Stop nut at least 
fifty times. This familiar red collar—an integral part of an 
Elastic Stop nut—grips the entering bolt threads with a 
perfect fit which dampens impact loads and resists turn- 
ing under the most severe conditions of vibration and 
shock. When the nut must be removed for routine main- 
tenance, the nylon collar tends to resume its original 
shape and, on re-installation, grips the bolt threads as 
effectively as on the original installation. 


Prove it to yourself! Check the coupon 
for a copy of Recommended Test Pro- 
cedure for Determining Re-usability. 


Re-usability is just one of the advantages of the nylon 
insert Elastic Stop nut. The constant torque that locks the 
nut at any position on the bolt: the inertness to gasolines, 
oils, salt atmospheres, cleaning compounds and common 
acids: the easy identification on the assembly line or in 
the field: the one piece construction that simplifies instal- 
lation and reduces cost—these special features have made 
the Elastic Stop nut the standard of industry for tough 
applications. 

Elastic Stop nuts are available in thin and regular 
height hex types in sizes ranging from a watchmaker’s 
0-80 through 3 inches, also many special shapes to meet 
your unusual design problems. In standard finishes and 
materials including carbon and stainless steels, brass, 
duronze and aluminum. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elastic Stop Nut Corporation of America 
Dept. $31-522, 2330 Vauxhall Road, Union, New Jersey 


Please send me the following free fastening intormation: 


Recommended Re-usability Test Procedure 


[_] Bulletin No. 5901 showing stop nut design 
applications on heavy-duty equipment. 


DOUBLE 
DEPENDABILITY 
The dependability built into every Elastic 


Stop nut builds itself into the depend- 
ability of every product on which it is used. 


Firm__ 


Street_____ 


City 


catalog No. 706. 





a 
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( ESNA condensed hex nut 
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All Contact 
Materials 
are Specials! 


When you need top quality and fast 
service, specify Leach & Garner. All mill 
shapes and types available, including 
toplay, thrulay, inlay, overlay, edge- 
lay, wire and tubing with alloys of 
Gold, Silver, Platinum and Palladium 
Also available are silver and gold 
solders, silver and laminated wave- 
guide tubing, precision rerolling and 
redrawing of non-ferrous metals. 
Engineering assistance available 
Quotations rendered promptly. 
We build our business 


on prompt deliveries at 
competitive prices 


INDUSTRIAL 
ATTLEBORO 


DIiVISIOn 
MASS 


& 


regia 


o 


ALES nee 
NEW YORK 
CLEVELAND 


CHICAGO ® LOS ANGELES 
DAYTON DETROIT 


For prompt quotations write to: 
Leach & Garner 
50 Pearl Street 
Attleboro, Massachusetts 
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place of varnish for dipping or im- 
pregnation of coils or motor windings. 
Surface resistivity of Eccocoat C 26 
is above 10'° ohms at room tempera- 
ture and about 10'* at 500 F. Moisture 
and chemical resistant. Applied by 
dip, brush, or spray. Multiple coats are 
used in order to build up thickness. 
Adheres to a wide variety of materials. 
Emerson & Cuming, Inc., 869 Washing- 
ton St., Canton, Mass. > 493 


SUBMINIATURE SOLENOID 


Subminiature solenoid Model Chet 
2490 may be used intermittently at 
115 volts a-c or in continuous duty 


d-c with the following voltage ranges: 
18-30; 30-60; 60-100 volts. Dimensions: 
0.750 in. long x 0.500 in. diam. Sole- 
noid has spring return, and will pull, 
or push, 1 lb at 0.020 in. stroke, 68 F, 
and 30 volts d-c. Ambient temperature: 
65 to 300 F. Chet Engineering Co., 
8156 Orion Ave., Van Nuys, Califor- 
nia. > 494 


LIGHT HEX LOCKNUT 


The “minimized hex” body section of 
the Type LH3324 nut, over 40 per cent 
lighter than current NAS types, has 
been fortified with a base ring to 
assure good thread-load distribution, 
and to provide adequate bearing area 
for use with soft metals like alumi- 


num. The locknut offers wrenching 
dimensions two socket sizes smaller 
than equivalent NAS or AN nuts. 

Hex dimensions compatible with 
standard wrenches and low-height nut 
can be used to develop full strength of 
160,000 psi bolts, including the short- 
thread NAS series. 

Type LH3324 parts for temperatures 
up to 550 F meet all applicable per- 
formance peguivemnente of AN-N-10 
and MIL-N-25027 (ASG). Type LH- 
3358 is provided for temperatures up 
to 900 F. Both series in sizes 4-40 


through 3¢-24, and are presently avail- 
able in 10-32 and 14-28 sizes. Elastic 


Stop Nut Corp. of America, 2330 
Vauxhall Rd., Union, N. J. >495 


EPOXY MOLDING MATERIALS 


Mineral- and Dacron-filled epoxy mold- 
ing materials can be molded in con- 
ventional compression and _ transfer 
molding equipment at temperatures of 
approximately 300 F, and pressures 
as low as 75 psi. They can be auto- 
matically preformed and molded with 
cure times approaching those obtained 
with conventional phenolics. Shelf life, 
6 months min. Electrical properties 
are retained under humidity and high- 
temperature conditions. Resistant to 
hot caustic solutions. Materials con- 
tain practically no volatile matter; 
molded parts are blister-free and di- 
mensionally stable. Complete range of 
stable colors. The Fiberite Corp., 510- 
524 West Fourth Street, Winona, 
Minn. > 496 


ROTARY RELAY 


CVE Type 4C rotary relay is a small, 
hermetically sealed 4PDT d-c relay 
which features a contact rating of 5 
amp at 30 volts. Environmental speci- 


fications call for unit operation at am- 
bient temperatures up to 125 C; vibra- 
tion is specified to 2000 cps at 20 g. 
The relay shows no physical damage or 
change in electrical characteristics at 
a min of 200 g mechanical shock, while 
a 75 g min electrical shock of 11 milli- 
sec duration produces no contact open- 
ing, energized or de-energized. Elec- 
trical specifications include insulation 
resistance of 1000 megohms min; elec- 
tric strength of 1000 volts rms, 60 
cycles; resistance of 0.020 ohms max, 
and a rating of 5 amp at 30 volts d-c, 
resistive load. Couch Ordnance, Inc., 
3. Arlington Street, North Quincy, 
Mass. > 497 


APPLIANCE SWITCH 


Switch featuring 0.100 in. overtravel 
and 114 hp rating for appliance and 
automatic device applications incorpo- 
rates environment-resistant interlock- 
ing design. Wear-resistant nylon button 


(Continued on page 255) 
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ESCO standby power supplies... 


when you can’t take time out for emergencies. 


Aboard the Nautilus, under polar ice or ocean 
depths, you can’t take time out while you trouble- 
shoot power failures — specially in such a primary 
means of navigation as the Sperry Mark 19 Gyro- 
Compass sytem. It must keep track of heading and 
attitude for weeks at a time without interruption, 
and that calls for a foolproof standby power source. 


For this exacting job, Sperry turned to a specially- 
designed ESCO motor-generator. Under normal 
conditions this standby equipment keeps emergency 


batteries charged from the regular 400-cycle 3-phase 
supply. But should this falter or fail, the ESCO 
unit immediately switches to emergency operation. 
The generator becomes a motor, and the motor a 
generator, to provide uninterrupted 400-cycle power 
for the Mark 19 from the emergency batteries. 


The surest way to meet any exacting motor or 
generator problem is to specify equipment that’s 
specifically designed for the job — ESCO 
equipment. Write for design brochures today. 


See Esco Catalog in section 5a/EL in Sweet's Product Design File 


eifey (sary CO. 


a 


171 South Street, Stamford, Connecticut 
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The latest refinement in a long-tested, proved 
and improved explosion-proof combination 
Motor Starter & Circuit Breaker, this new 
Crouse-Hinds Condulet® EPC-M59 brings you 
tomorrow’s convenience, dependability and 
safety at yesterday's prices. 

Designed to conform with the National Elec- 
trical Code requirements for Class I, Groups C 
and D; Class II, Groups E, F and G; and Class 
III, it provides for built-in breathers and drains 
... built-in push-button stations, selector switch 
and pilot lights . . . seven taper-tapped conduit 
entrances . . . starter below breaker for safe, 
easy maintenance . . . compact design to permit 
a greater number of controls in any given area. 

Now available in 7” and 9” sizes for Sizes 1 
and 2 starter combinations. For more detailed 
information consult your Crouse-Hinds dis- 
tributor, or any of the offices listed below. 


CROUSE@HINDS 


MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK 


Crouse-Hinds Company of Canada, Ltd., Toronto, Ont 
Crouse-Hinds Instrument Company, Inc., Silver Spring, Maryland 

© CONDULET® ELECTRICAL EQUIPMENT (Explosion-Proot and Conventional) © FLOODLIGHTING 

@ TRAFFIC CONTROL SYSTEMS © AIRPORT LIGHTING and WEATHER MEASURING EQUIPMENT 
These products are sold exclusively through electrical distributors. For application engineering help. contact 
ene of the following offices: Atlanta Baton Rouge Birmingham Boston Butialo Charlotte Chicago 
Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis 
Kansos City Los Angeles Milwaukee New Orleans New York Omoha Philadelphia Pittaburgh 
Portland, Ore St. Louis St. Paul Salt Lake City San Francisco Seattle Tulsa Washington 

Resident Representatives: Albany Baltimore Reading. Pa Richmond, Va 
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with or without actuators. Roller leaf, 
leaf, pushbutton and overtravel push- 
button types are available. Type E13- 
OOA accepts both snap-in and screw- 
mounted actuators, Standard mounting 
dimensions. Solder or standard quick- 
connect terminal wiring. Cherry Elec- 
trical Products Corp., 1650 Deerfield 


Rd., Highland Park, Il. >498 


MINIATURE INDICATOR 
LIGHTS 


Two-terminal isolated ground circuits, 
anodized aluminum cases, large-area 
plastics lenses with 180-deg visibility 
and conformance to MIL-L-6723 
(ASG), are features of two series of 
indicator lights. 

For use with midget flange base 
: 140-type incandescent lamps, the 
Series L14,000 measures only 111/64 
in. overall and is available with lenses 
in a variety of translucent and trans- 
parent colors. 

The slightly longer L15,000 Series 
features a built-in resistor and accom- 
modates NE2D neon lamps for 115-volt 
operation. Lenses available in trans- 
parent red, amber and clear. 

Both lights contain positive-locking 
indexing tabs for panel mounting. Cen- 
ter lamp contacts internally  spring- 
loaded and have non-hygroscopic insu- 
lation. Hetherington, Incorporated, Fol- 
croft. Pa. »>499 


THERMAL TIME DELAY 


Thermal time delay timer, Series TH, 
features snap-action load contacts, with 
many contact arrangements available. 
Contact rating up to 20 amp, 10 amp 
standard. Automatic ambient tempera- 
ture compensation. Compact in design, 
this small unit is self-recycling and 


MAY 1959 


Circle 237 on page 17 





WHY Durakool Relays and Switches 
offer you reliable service ... Longer 


Durakool products minimize wear from 

arcing and have virtually eliminated 

destructive heat rise (less than 50°C rise 

Ted Down | ON? ambient) and corrosion. Contacts 

ON operate under sealed in (50 p.s.i.) hydro- 

gen gas. Result: unequalled durability on 

Tilted Up heavy or light loads as well as highly 

inductive, incandescent D.C. loads. The 

Durakool steel-clad (non-breakable) mer- 

cury relays and switches are built for 
continuous fast-cycling schedules. 


Timer-relay service life has increased colt colt 

up to 6 times former models. Plunger ENERGIZED DE-ENERGIZED 
designed to stay free, making unit 

practically “fail-safe.” Tilt switches 

come in 7 sizes, 1 to 65 amperes. 

Timer relays available in any combi- 

nation of operate-release-time-delays 

from 0.15 sec. to 20 sec.—normally 

open or normally closed action. 


For more information 
on timer-relays and switches, write: 


DURAKOOL, INC. 


S 
eae Durakool 
1969 Rd., Toronto, Ontario 


Avenue 


301 Fifth Ave., So., Minneapolis, Minn. ALL STEEL MERCURY SWITCHES 
4747 Bronx Bivd., New York 70, W. Y. 
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mmediate shipment 
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Strength in thin sections * Dimensional 
stability + Secure flanges (one solid molding) * Resistance 
to impact * Resistance to action of many common chemicals 
* Rated for use up to 250 F + Good dielectric strength 


ncreased production speed 
a Raimslilei 


SALES DIVISION OFFICES 
Arizona, Colifornia, Colorado, Connecticut, Iilinois, Massachusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington & Conada 


a 


CLEVELAND 98, OHIO 
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easily adjustable. Has rugged cast- 
ceramic heater and is available with 
magnetic blowout d-c or double-break 
load contacts, and in either explosion- 
proof housing or hermetically sealed. 
Industrial Timer Corp., 1407 McCarter 
Highway, Newark 4, N. J. ->500 


HIGH-SPEED MOTORS 


Polyphase induction motors, particu- 
larly suited for high-frequency, high- 
speed applications as in integral-motor 
grinding spindles to cover a range of 
speeds from 7200 to 100,000 rpm, are 


Optional ball bearings 


|. Shielded (for limited speeds) 
2 Super precision(for high speeds) 


Optional mounting 

| Flange mounted —— 

2 Precision machined O.D 
for cartridge mounting 


3 Foot mounted | 


Closely controlled 
clearance for high 
speeds, grease lube 


shift extensions 
Single or double end 


Motor lead con || 7 ee | ; 
| be terminated V Precision ground 
with a variety Of | pilot dio B 
connectors as shoft foce 


required | 4 


Optional cooling 

Cooling fins for medium air cooled 
rating 

> Internal woter jacket for high 
rating 

3 External water jacket or by heot 
sink built into Customers machine 
procket for cartridge mounting 


available in standard flange-mounted 
types for operation at various frequen- 
cies. Max peak ratings range from 18 
hp at 20,000 rpm to 1 hp at 100,000 
rpm in housing diameters under 6 in. 
Continuous ratings depend upon the 
cooling means available. Designs can 
also be supplied on a_built-to-order 
basis. Bryant Chucking Grinder Co., 
Springfield, Vt. >501 


SUBMINIATURE 
PAPER CAPACITOR 


Hermetically sealed 50-volt capacitor, 
for transistorized applications, is made 
in conformance with MIL-C-25A spec- 
ifications and operates at temperatures 
from —65 to +125 C without de- 
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The Case For 


105mm Miniaturization 
of Engineering Drawings 


Micro-Master* 105mm, supplied by K& E, 
is the only system designed specifically 
for engineering drawings 


Micro-Master 105mm offers the gen- 
eral advantages you expect of any 
miniaturization system — space savings, 
protection of costly originals, and ready 
distribution of duplicates. But Micro- 
Master provides these advantages with- 
out over-mechanization. A 105mm 
negative — measuring a generous 4 by 6 
inches — is large enough to be located 
easily and read quickly without elabo- 
rate scanning and sorting devices. In 
addition, a national network of K&E 
dealers stands ready to provide the 
105mm service you need. 


A Complete System 

from Film to Print 
Micro-Master is a totally integrated 
system for photographing, film process- 
ing and final reproduction or projection 
printing. Completely precision - engi- 
neered — from optics through films, 
papers and chemicals — the system pro- 
vides extremely sharp, high-contrast 
“thin” negatives that furnish high- 
quality, absolutely uniform prints. Cri- 
tical alignment of camera and projector, 
and special vacuum frames which hold 
materials absolutely flat, are typical of 
the optical and mechanical features 
that make the Micro-Master system an 
engineering aid of highest quality. 


No Distortion in Blow-Backs 


Maximum reduction or enlargement for 
Micro-Master 105mm is 10 diameters 

not up to 30 diameters as with smaller 
negatives. Thus, when drawings as large 
as 40 by 60 inches are reduced or re- 


enlarged, they retain a clear, sharp 
quality — even in the corners. There is 
no distortion or loss of detail, for all 
Micro-Master reproductions are made 
inside the photographic “quality bar- 
rier” of 10 diameters. Projection prints 
can be made on inexpensive paper as 
well as on cloth or film. 


Like-New Prints 
from Worn Originals 


Old originals can be restored, too 
even when badly damaged. The Micro- 
Master process uses reflected rather 
than transmitted light. Thus, detail 
which has been lost through light ab- 
sorption — due to dirt or discoloration 
will “snap back” on the film — giving 
you clean prints with clear backgrounds 
and sharp black lines equal to ink lines. 
The large negative size makes it easy 
to see and eliminate unwanted areas by 
“opaquing out.” Any small paint brush 
can be used for this purpose. 


Easy to Read...Always Accessible 


You can read almost every detail on a 
105mm negative just by holding it up 
to a window or other light source. Table 
viewers are recommended for close 
study, but are not necessary in the 
“search and selection” phase. In a large 
plant or office, engineers can find and 
consult from 105mm negatives without 
waiting for search and delivery of 
originals, and without having to blow 
back tiny reductions to a readable size. 
Engineers or technicians at branch 


plants, warehouses or field installations 
can maintain compact, complete files 
of project information — accessible at 
any time without special equipment. 


Easy to File, Easy to Mail 
Micro-Master is a miniaturization sys- 
tem providing individual negatives that 
meet archival requirements. Each nega- 
tive is kept in its own 5” by 8” envelope. 
There is ample space on the envelope 
for large, legible identification coding 
and other information. Over 12,000 
drawings can be stored in a standard 
5” by 8” card file cabinet. No com- 
plicated cross-indexing is needed, for 
negatives of original drawings and all 
subsequent revisions can be grouped in 
the same file, ready for immediate ref- 
erence. The absence of sorting devices 
eliminates scratches and other film dam- 
age resulting from excessive mechanical 
handling. 


See Your K&E Dealer 
for Information, 
Equipment, Service 
A camera, projector, three types of 
viewers, and all necessary printing ac- 
cessories are available with the Micro 
Master system, and all equipment can 
be obtained through your local K&E 
distributor. He can also furnish 105mm 
reductions and enlargements of your 
drawings as a service. For complete 
information, call your K&E dealer, or 
write to Keuffel & Esser Co., Dept. 
EM-5, 300 Adams St., Hoboken, N. J. 


1634 


Ow 
ae KEUFFEL & ESSER CO. 


NEW YORK * HOBOKEN, N. J. * DETROIT * CHICAGO * MILWAUKEE * ST. LOUIS * DALLAS * SAN FRANCISCO * LOS ANGELES * SEATTLE » MONTREAL 
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™ SPOT & LIGHT 


is on a fit, product 


SERIES 
500 


AIRPAX 
MINIATURE 
CIRCUIT 

BREAKERS 


Power Control and Circuit 
Protection are provided in 
this new Airpax Circuit 
Breaker. Only slightly larger 
than an, “ON-OFF” switch it re- 
places a switch, fuses and over- 
load relays. Available in ratings 
from 50 milliamperes to 10 amperes, 
AC or DC with fast or slow response. 


A SLECTRONICS 


Cai <" 


OR P oR? 


CAMBRIDGE Division CAMBRIDGE MARYLAND 
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rating; capacitance variation less than 
+-3 per cent over the temperature 
range. 

The Type AQF capacitors are avail- 
able in ratings from 0.027 to 2.0u f. 
The smallest size is 0.235 in. diam, 34 
in. long. Astron Corp., 255 Grand Ave.. 


East Newark, N. J. >502 


COLORED SILICONE RUBBER 


Room-temperature-vulcanizing — silicone 
rubber paste compound (RTV-40), 
with viscosity falling between manu- 
facturer’s RTV-20 and 60, is produced 
as a white compound easily colored to 
meet individual requirements. 

Applications are: sealing, caulking, 
potting and encapsulating electronic 
assemblies, also as a_ flexible mold 
material for casting epoxy resins, or 
for making prototype or small-volume 
rubber parts. 

Properties: ozone, weathering and 
heat resistance; low-temperature flexi- 
bility; tensile strength, 550 psi; 
durometer hardness, 55; elongation, 
150 per cent; and die B tear strength, 
30 Ib/in. Silicone Products Dept., 
General Electric Company, Waterford, 


Ns Rs »503 


LIGHTED PUSHBUTTON 
SWITCH 


Lighted pushbutton switch 40-1, NO, 
momentary contact, is rated at 1 amp 
115 volts a-c for a min life of 500,000 
operations. The circuit incorporates a 


NE-2 neon bulb and is independent of 
the switch circuit, allowing for flexi- 
bility. A %,-32 threaded bushing, with 
‘46 in. max diam and less than 114 in. 
behind panel length, allows for min 
mounting space. Nut and housing area 
are made of anodized aluminum and 
contacts are fine silver. Solder-type 
terminals standard. Grayhill, Inc., 561 
Hillgrove Ave., LaGrange, Ill. > 504 

(Continued on page 260) 
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Bicloccreto ce 


A TYPICAL EXAMPLE: 
How to Avoid Stripping— 


When high stripping torques are required, a 
Shakeproof NIBSCREW should be reve 


“Nibs"’ under the head take up excessive 
: driver torques and eliminate loose crews 


re-work and repair 


You can realize important savings on your assembly line Wiiride to 
by specifying fasteners that eliminate operations, speed up assembly savings 4 
production and assure highest quality. Engineered Fas- with engineered ff 
teners by Shakeproof now overcome stripping, provide 
sealing, assure maximum locking and solve countless fastenérs 
production problems encountered in mass assembly of 

products using sheet metal. 


SEND FOR NEW SHAKEPROOF BULLETIN NO. 100! 
illustrates twelve typical examples of cost saving fasteners 
for sheet metal applications. Describes important “check 
points” for fastener selection. Offers testing samples. 
Write for your copy today! 


—py SHAKEPROOF 


“FASTENING HEADQUARTERS" ® 


DIVISION OF ILLINOIS TOOL WORKS 
Aw St. Charles Road, Elgin, Illinois 
In Canada: SHAKEPROOF /FASTEX 


Division of Canada lilinois Tools Limited, 67 Scarsdale Road, Don Millis, Ontario 
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| POTENTIOMETER 


| Designed to operate at 1.0 watt at 
| temperatures up to 125 C, Comp-U- 


. | Trim Model “E” wire-wound linear | 
with | | trimming potentiometer features an in- 
om 
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ternally positioned wiper contact, a 
completely encapsulated unit, one- 
piece aluminum housing, positive end 
stops and can be mounted singly or Ae Testing and 
stacked. Measuring 5/16 x 4 x 14 
in., it is available in standard resist- General Use 
ance values from 10 to 30 k ohms with 
a temperature coefficient of 20 parts 
per million. Eastern Precision Resistor 
| Corp., 675 Barbey St., Brooklyn 7, 
| N. Y. >505 


| INSTRUMENT RECTIFIERS 


Designed for d-c meters of 20 to 200 
pamp full-scale current, Series 80 rec- 


| tiers have active cell area of 0.0012 


CARTRIDGE sq in. High efficiency at very small 


currents and good frequency response 

Hi EATE RS are obtained. Dimensions: 0.125 x 

0.270 x 0.400 in., less leads. Single-hole 

Vulcan Cartridges are one of mounting by No. 2 screw. Finish: 

the most efficient sources of elec- | overall coat of vinyl, bonded to recti- 

tric heat because practically all | fier body. Nickel-silver leads may be 

heat developed passes to the part soldered or formed to fit printed cir 

to be heated. In normal installa- Be c eee 4 

tions, the cartridge is completely | cuits. Available in five standard types. CHRISTIE 

surrounded by the metal or ma- Conant Laboratories, Box 3997, Beth- 

terial to be heated. 1 any Station, Lincoln 5, Nebr. > 506 
Vulean Cartridges are avail- 
able in a wide choice of standard 
sizes — from 1” to 25” (or longer); 


diameter — 14” to 1%" (or RIBBON CABLES | SILICON 

greater); wattage — 10 to 3200 Multi ; ‘bh bl f 

(or higher); voltage — standard Muiti-conductor ribbon cables o 

120 or 240, special : volts pp: unique construction conducive to neat, ni O A = a 

sheath — brass, steel, nickel or ick le iadeeell hook ; avail. | 
; , , , Space-saving -ups are avail- 

high temperature alloys; stand- a ee ee ee a . 5 Ss S P za & | E LS 

ard or special lead wires or ter- able in single conductors, twisted pairs 

minals. and coaxial cables and in different 
Send coupon for complete in- widths and specifications. These color- | available in 30 standard- 


formation. coded cables are easy to handle and ized and militarized models 


—————— 
ELECTRIC from 30 to 1500 amps... 


COMPANY | 6 to 135 volts. CHRISTIE'S 
Danvers, Mass. QUALITY CONTROL a 
Cartridge + Strip © Tubular » Immersion approved oh the A.E.C., 
Electric Heaters « Soldering and Branding Irons 


Solder and Glue Pots bal leading aircraft and missile 


manufacturers. 
VULCAN ELECTRIC COMPANY, Danvers, Mass 
Please send me catalog and prices on Vulcan 


Cartridge Heaters. yo i H RIS ya | iz 


Rn dntcieceesers -vecssevenctt ° ELECTRIC CORP. 


3410 W. 67th Street 
Los Angeles 43, Calif 


Write For Bulletin AC-58-A 


Company 
Street & No 
City & State 
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For Control Engineers Who Are Wearing Out Before Their Time 


TYPICAL SIGNAL FROM ONE OR ALL OF THESE 


-— 
—— 


MOTOR STARTER 
Pre 


CONTROLS ANY ONE OF THESE 


STATIC CONTROL 
COMPLICATED? 


DON’T YOU BELIEVE IT! 


An engineering friend of ours work- 
ing on blast furnace controls uses a 
CONTROL switching reactor to take 
signals from a series of limit switches, 
temperature controllers, and relays to 
operate the solenoid which triggers the 
air blast motor. Dollars ahead he was 
when he saw this selective device would 
take signals from many sources, com- 
pile them, remember them, and when 
told to act (by the same standard input 
signals), leap into action. “So simple,” 
he said—“‘nothing but the standard in- 
puts we always use, switching reactor 
and outputs. If that’s static control, 
I’m the new president of the C.S.R* 
Booster Club.”’ You, too, ean beat the 
drum. Write for our catalog about 
Simple Static Control. 


*CONTROL Switching Reactor 


PUSH, PULL, CLICK, CLICK (or how to feed a switching reactor) 


Persons who hear push-pull-click-click sounds in indus- 
trial plants are not to be suspected of an affinity for the 
razor business. They are listening to the music of push 
buttons, limit switches and relays, all feeding signals 
into CONTROL’S switching reactors (which are en- 
gaged in static control). Our reactor is selective. As 
you dictate, it responds to control voltages which add, 


which oppose, or which work in combination, regardless 
of source. What’s more, our reactor can be fed by a 
transducer whose output is electrical—even if it doesn’t 
say “push, pull” or “click, click.” 

If you have an affinity for money-making musical 
sounds, perhaps you'd like to know more about these 
CONTROL switching reactors. Write us. 


CLICK, CLICK, PULL, PUSH (or how a switching reactor feeds you) 


Here is the click-click-pull-push (output) side of the 
CONTROL switching reactor. Not only is it selective as 
to source and combinations of inputs, but it is a real bear 
for working such loads as solenoids, motor contactors 
and magnetic clutches. It shines, too, as a practical way 
of operating the new solid state thyratron from a var- 
iety of input sources. A reactor can control a single load 
up to 300-VA to a fare-thee-well. Loads are statically 


switched with nary a moving part. What’s more, there 
is no auxiliary hardware (transformers, relays or single 
purpose logic units) to clutter the minds and hearts of 
your control engineers and purchasing agents. 

Sizes? A complete range, including 15, 75, 150, and 
300 VA. There’s also one especially for the solid state 
thyratron. Why not write for more details about our 
CONTROL switching reactors. 


Risser) 


Reliability begins with CONTROL, 


& 
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No other terminal block — 
sectional or one piece 
eTh AS Aol ee] | Mis T 

CT Met tts of 


™~ 


MD pres-SURE-blocks 


NO WASTE CIRCUITS—Reduce material costs and save 
space. Make up exact length blocks required from 20 pre- 
assembled snap-fit contact sections. Merely pull off or add 
groups of sections as needed, — snap on end section to 
complete block. No unused contacts. 


SMALLER INVENTORY — Only 2 different parts make 
any length block, Have complete production flexibility 
without stocking all required lengths. Avoid running out 
of any needed items, 


MORE CIRCUITS IN AVAILABLE SPACE — Increase 
capacity of individual contacts and decrease jumpering by 
grouping two or more common wires in tubular contacts 
(any combination equal to 1 #22 thru 1 #8). 20 circuits 
only 914” long, — contacts on 7/16” centers, Also save 
space lost mounting 2 or more blocks in line. 


NO TERMINALS OR LUGS — Eliminate material and 
labor costs of lugging by using tubular-screw or tubular- 
clamp contacts which provide secure and highly efficient 
direct-to-wire connections, 


NO HIDDEN CIRCUIT MARKINGS — Minimize circuit 
identification errors with marking areas on top of blocks, 
completely unobscured. Choice of integral painted, slip-in 
vinyl,or pressure sensitive strips. 


QUICKER TO INSTALL, EASIER TO CHANGE — Hand 
assembled. No fixtures or miscellaneous hardware re- 
quired, Use mounting screws only every 12 contacts, — 
screws need not be removed to add circuits. Easy to re- 
place or add “inside” contact sections, 


LOW INSTALLED COST — Countless users have proven 
that installed costs compare favorably with conventional 
sectional or one piece blocks, — regardless of price. 


Conservative 750-volt rating + Flat Base or Channel Mounting 
Tubular or Strap-Screw Contacts + Fanning Strips available 


= —~, 
ar) an ELECTRICAL PRODUCT 

’ a Iw) UCTS CORPORATION 
KZ <> HILLSIDE, NEW JERSEY 


Tubular contacts fully approved. 


In Canada 


GASACCUMULATOR COMPANY (CANADA) LTD. 


12 GOWER ST., TORONTO 16, ONT Write for 


Export ° 
PHILIPS EXPORT CO Bulletin 
100 E. 42nd ST., NEW YORK, N.Y. M-5 
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strip and separate easily. Plastoid 
Corp., Long Island, N. Y. >507 


CERAMIC TRANSDUCER 
ELEMENT 


US 100 ceramic transducer element is 
extremely stable over a wide tem- 
perature range and, because of its un- 
usually high frequency stability, is 


ashy 


particularly useful in equipment sub- 
ject to drastic temperature variations, 
such as missile systems, underwater 
sounding, level indicators, sound re- 
production, telemetering and airborne 
sensing circuits. Characteristics: upper 
Curie temperature, 150 C; radial cou- 
pling coefficient, 0.31; linear coupling 
coefficient, 0.68. U. S. Sonics Corp., 
625 McGrath Highway. Somerville, 
Mass. >508 


LACING CORDS AND TAPES 


Complete line of 76 lacing cords and 
flat braided tapes are made of nylon, 
Dacron and fiber glass. Round-type 
diameters are 0.017 to 0.050 in., tensile 
strength is 10 to 70 Ib. Flat-braided 
types are 1/16 to 14 in. wide; tensile 
strength, 30 to 250 Ib. Finishes, de- 
scribed as meeting MIL-T-713A, _in- 
clude micro-crystalline wax, synthetic 
rubber, Teflon, thermoplastics and 
elastomeric materials. Alpha Wire 
Corp., 200 Varick St., New York 14, 
nN. 2; > 509 


TEN-TURN POTENTIOMETER 


All-metal precision ten-turn potentio- 
meter Model 590, capable of withstand- 
ing temperatures of 200 C, is available 
in ranges from 25 to 120 k ohms. 
Standard linearity tolerance is +0.3 
per cent with tolerances to +0.025 per 
cent available on special order. Fea- 
tures all-metal construction (machined 
aluminum 1 in. diam) with the helical 
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PUTTING MAGNETICS TO WORK 


Want a billion-position switch? 


Magnetic amplifier manufacturers turn to Orthonol® tape cores 
for precise proportioning control or switching action 


Orthonol is a switching material that can be turned all the 
way on—or part way on—with vast precision. 

The rectangular B-H loop of the 50% nickel, grain-oriented 
alloy provides an amplifier output which is linear and directly 
proportional to control (reset) current. This response is so 
linear that the amplifier acts as a valve with an infinite (at 
least a billion) number of steps from full off to full on. 

Full off and full on can be achieved with snap action, because 
the horizontal saturation characteristic of the B-H curve 
means a very low saturated impedance. Thus, when the am- 
plifier is on, it is on; when it is off, it is off. On-to-off imped- 
ance ratios of at least 1000 to 1 provide complete assurance 
of this absolute characteristic. 


Should your manufacturing facilities prevent the use of 


MAY 1959 


Orthonol in tape wound core form, you can still take ad- 
vantage of this excellent material in laminations. An 
Orthonol laminated core has characteristics almost identical 
to those in toroidal form. 


Like all Magnetics, Inc. products, Orthonol tape wound 
cores and laminations are Performance-Guaranteed. Full 
details await your inquiry. Magnetics, Inc., Dept. EM-60, 
Butler, Pennsylvania. 


4 4 a 
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MAENETICS inc. 


| bse) 


Circle 247 on page 17 





7or HEAVY DUTY WORK! 


Severest Electrical 


Services 


Apoy is. 
US ee Te (ab 


500 SERIES 
Proven Quality! 


P-506-CE—Plug with Cep 


For 5,000 Volts, 25 Amperes per Contact Alterable by 
Circuit Characteristics. 


$-506-DB 
Socket with deep Bracket 


Socket contacts of phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass, 
cadmium plated. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage 
path from terminal, and terminal to ground. Caps and brackets, steel parkerized (rust-proofed). 
Plug and socket blocks interchangeable in caps and brackets. Terminal connections most accessible. 
Cap insulated with canvas bokelite. 


Write for Jones BULLETIN 22 for full details on line. 


HowaRD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 
eeaee Celene. Bem ree 
DIVISION OF UNITED-CARR FASTENER CORP 
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A 
Ns A) PuSH-BUTTON HANDSET 


SUPERIOR TRANSMISSION... 
HIGH SIGNAL-TO-NOISE RATIO 


Manually operated, normally open 
push-button control... receiver and 
transmitter in one lightweight instru- 
ment...ideal for 2-way radio, dictating 
_ machines, etc. Uses ring armature... 
n > 5db increase in output over extended 
\ frequency range. Unique, 
completely gold-plated car- 
bon chamber with superior 
carbon granules...best trans- 

mission in its class. 


Write for complete 
specifications and details. 


LLOGE 


CnICACO. 14i1NO18 
Kellogg Switchboard end Supply Company. 6650 South 
Cicero Avenue, Chicago 38, lilinois, Communications Division 
of International Telephone and Telegraph Corporation 
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coil directly against the case for max 
heat dissipation and fused glass sealed 
terminals flashed with precious metal; 
will operate in a relative humidity of 
95 per cent. Functions above 20 g 
vibration from 55 to 2000 cps. With- 
stands a 30 g shock and meets all speci- 
fications to an altitude of 30,000 ft. 
The shaft is supported on ball bearings. 
Spectrol Electronics Corp., 1704 So. 
Del Mar Ave., San Gabriel, Califor- 
nia. >510 


CONCENTRIC SHAFT SWITCH 


Fully-enclosed miniature rotary tap 
switch is 1 in. in diam. Each shaft 
controls 1 to 3 decks, with 2 to 10 


shorting or non-shorting positions per 
deck. Available as standard in 6500 
combinations of decks and _ positions. 
Will break 1 amp 115 volts a-c or 
carry 5 amps; %%-32 threaded and 
keyed bushing. With knobs and mount- 
ing nut. Grayhill, Inc., 561 Hillgrove 
Ave., La Grange, Ill. >511 


THYRATRON TUBE 


One of a series, Type VTP 7386 thy- 
ratron is adaptable to any circuit em- 
ploying a C6J, C6JA, 5685 or 5C2] 
tube. The peak anode current rating 
of the tube, however, is 100 amp, com- 
pared to 77 amp for the older units. 
Key to the rating of the tube lies in 
the design of the control grid and 
cathode. The latter is a directly heated 
filament type which provides a large, 
interwoven surface for the cathode 
coatings, allowing a much heavier oxide 
layer to be applied without danger of 
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ADDED 
DESIGN 


POWER 

with 
NMADISON-KIPP 
zinc and aluminum 
die castings 


Your design problems require your own 

special talents. Die casting is a unique art in which 
Madison-Kipp mechanics are seasoned and 
skilled. By combining these talents the resulting 


design power is raised to a high degree. 


The difficult die casting with 2 steel inserts here 
illustrated was developed and produced with the 


; close cooperation of the user and the die designer. 
Relay Frame made by Madison-Kipp 


for Westinghouse Air Brake Company, Please clip this ad as a reminder to contact 
Union Switch and Signal Division. us when you have die casting requirements. 


MADISON-KIPP CORPORATION 
214 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


i 
} 
| 
' 
{ 
| 


° Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air rls 


a SR OE aS i call cist ia, lita 2 
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MAKE YOUR SELECTION FROM 
THE ‘HIGH RELIABILITY’ 


A | 
"J RHEOSTATS 


latsalare 
a complete 
range from 
Veen (one 400) 
watt: 
an 


oie 


types 


Three Terminal, 25 Watt 
Type A Rheostats — 


Functions smoothly as a rheostat or 
potentiometer under adverse operating 
conditions. Strong, corrosion resistant 
terminalis are welded to winding form. 
Vitreous enamel makes wound ring 
integral part of refractory base. 


Three Terminal, 25 Watt 
Type AM Rheostats — 


Rugged, compact components with ex- 
cellent heat dissipating characteristics. 
Feature porcelain, vitreous enamel con- 
struction with resistive element wound 
on a fiat, pure mica form within the 
refractory base. Circuit elements fully 
insulated from other parts. 


Type AMS Rheostats 
with Screw Terminals 


This H-H quality component is essen- 
tially the same as Type AM except for 
terminalis which are screw type. The 
25 watt AMS incorporates all the me- 
chanical and electrical advantages of 
Type AM rheostat. 


50 to 1000 Watt 
Type H Rheostats — 


Comply with MIL-R-22 Specifications. 
H-H high temperature enamel provides 
maximum safety under overloading. 
Bus-bar design for ample resistance and 
safety at maximum current. Constant 
pressure contact assures trouble-free 
operation. 


Ruggedized H-H Resistors — Hardwick, Hindle Gray Line 
Resistors are available in fixed, adjustable, ferrule and axial lead types 
for all commercial and military applications. Super-rugged design assures 


complete dependability. All 


rheostats available with de- 


tent ‘‘off’’ position and solderless quick-connect terminals. 


Available Nation-wide at authorized H-H distribu 
tors. Call or write for catalogs and complete information. 


The Mark 


of Quality 
since 1924 


266 


HARDWICK, HINDLE - INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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7 


chipping. The control grid is conduction 
cooled by extra-heavy nickel supports 
and molybdenum grid rods and electron 
emission is minimized with 
grid current) by a multiple gold plating 
of the grid structure. 


(along 


The tube operates over a broad fre- 
range, with a max 
mended frequency of 440 cps, and will 
withstand wide extremes of ambient 
temperature, from —55 to +75 C. 
Vacuum Tube Products Co. Inc., 2020 
Short St., Oceanside, Calif. >512 


quency recom- 


WIRE MOTOR MOUNT 


Twin-arm type of wire motor mount 
permits reductions in shaft height of 
14 in. or 
mounts by 


more over stamping-type 
allowing base of motor 


frame to nest between its two parallel 


base wires. It can support the motor 
vertically or horizontally. This feature, 
in combination with its light weight, is 
particularly suited to air-conditioning 
units, portable appliances, and other 
applications where overall compact- 
ness is a major design objective. The 
natural resiliency and vibration-damp- 
of wire 


tion permits improved decibel ratings; 


ing characteristics construc- 


allows unre- 
stricted air circulation and reduces ait 
turbulence. Manufactured in conform- 
ance with present NEMA specifications. 
E. H. Tichener & Co., 67 Clinton St., 
Binghamton, N. Y. >513 


the open configuration 


SHAFT SEAL 


Met-L-Seal is an all-metal shaft seal 
that functions at temperatures ranging 
from —65 to +850 F and is designed 
to operate at temperatures even higher 
than 850 F. All components, except the 
seal face, are made of various high- 
temperature alloy steels. Face materials 
are of carbon graphite or various exotic 
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73 YEARS OF 
er UATE 
EXPERIENCE... 


SINTERED SILVER 
CADMIUM OXIDE 


THOMSON 
“710” 


CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 


Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 


give you the benefits of: 
1. Uniform Dispersion of Cadmium Oxide throughout 
the silver matrix. 


2. Uniform Electrical Conductivity for all parts and all 
batches. 


3. Uniform Ductility which provides reproducible 
staking and double heading. 


Complete Data and Test Samples are available on request. 


Electrical Contacts Division 


suoson L. [fp] |] SO|N] mes: co., wartHam 54, mass. 


Since 1885 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


hn si A Atta 
| lsomou | NI | art see 





DEGREES ROTARY STROKE 

NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


@ NO AXIAL MOVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


15° to 60° ROTARY STROKES AVAILABLE 
PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


Further details from: 


ROLENOID, INC. 


1732 West Slauson Ave. 
Los Angeles 47, California 
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alloys. Gits Bros. Mfg. Co., 1866 S. 
Kilbourn Ave., Chicago 23, Ill. —>514 


INTERCOMMUNICATION 
CABLE 


Color-coded cable with paired No. 22 
copper conductors is designed for 
processing equipment, automatic ma- 


chines, communication systems and 
similar applications. Available in stock 
conductor pairs of 6, 11, 16, 26, and 
51 with, polyvinyl chloride used for 
primary insulation and jacketing. Ny- 
lon rip cord facilitates stripping. Con- 
struction Materials Div., General Elec- 
tric, Bridgeport 2, Conn. >515 


PHONE AND PHONO PLUGS 


Line of phone and phono plugs for use 
in microphone, speaker or jumper as- 
semblies and for application in the 
high fidelity, stereophonic, tape re- 


M-1054-2 M-1058 


= 


M-1054-9 
M-1059 
M-1054-5 


corder and audio fields, includes be- 
sides the M-1054 (a straight phono 
plug available in 9 molded body 
lengths) a right-angle phono plug 
(M-1058), a straight phone plug (M- 
1059), and a right-angle phone plug 
(M-1060).  Phalo Plastics Corp.., 
Shrewsbury, Mass. >516 


MATCHED THERMISTORS 


Interchangeable and_ close-tolerance 
matched thermistors in more than 30 
Veco units are classified in 5 major 
groups, each representing a_ specific 
type of matching: resistance matching 
of two or more thermistors to each 
other within a specified resistance tol- 
erance; voltage matching of two or 
more thermistors to each other such 
that the Ro of the lower resistance unit 
is within a specified percentage of the 
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Chicago Molded plastic licks 


corrosion problem...cuts cost, too 


This molded plastic part is an important component of a deep-well pump. 
For years it was made of brass and subject to the abrasive and corrosive 
effects of impure waters. How could it be improved? Would a plastic resist 
this wear and absorb little or no water? That’s when the manufacturer came 
to Chicago Molded. Our answer—to injection mold it in linear polyethylene. 
Cost—only a small fraction that of brass, with finishing eliminated. We had 
an idea, too, that the smooth surface of the part would improve the efficiency 
of the pump. It worked just that way, and it’s good business at several 
thousand parts a year. We’re equally experienced at compression and transfer 
molding . . . practically every known plastic. Because of this we can make 
unbiased recommendations . . . provide the material and method that will 
assure utmost value to you. Perhaps custom molded plastics can solve your 
problem. Want to discuss it? Call or write . . . no obligation. 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1025 North Kolmar Avenue, Chicago 51, Illinois 
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higher unit, with the voltage of each 

un.t held to a fixed tolerance at one or 

more stipulated amperages; _ series- 

parallel matching of two or more ther- 

mistors whose total series or parallel 

resistance is fixed within a specified 

tolerance at a stipulated temperature; 

resistance-temperature matching of two 

or more thermistors, all of which are 

matched to a_ specific resistance-tem- 

perature curve within a fixed tolerance 

and over a specified temperature range ; 

| F NTA 1 and resistance ratio-temperature match- 

ing of two or more thermistors whose 

individual normalized resistance-tem- 

AND RADIO INTERFERENCE perature curves are matched within 
a fixed tolerance over a specified tem- 

NOISE LEVELS... perature range. Victory Engineering 
Company, 517 Springfield Rd., Union, 

Since shielding and filters to reduce radio N. J. >517 
noise caused by sliding contacts are often cum- 
bersome and always costly, it is essential that POWER SILICON RECTIFIER 
contact materials be used which, in themselves, 
create the least radio noise interference. 

Stackpole Laboratory tests backed by exten- 
sive field experience indicate that Stackpole 
silver graphite operating against silver rings 
give satisfactory results on most sliding con- 
tact applications calling for low radio noise 
levels. Good radio interference reduction re- 
sults are likewise obtained with Stackpole elec- 
trographite grade L31 contacts operating 
against electrographitic rings, as well as against 
silver and gold rings. 

In addition to reducing radio noise inter- 
ference, sliding contacts must also be able to 
operate at high altitudes under high pressure 
conditions in dry, inert atmospheres, with ex- 
cess moisture, and with oil vapor. All of these 
ambients have come within Stackpole experi- 
ence with the resulting development of mate- 
rials which work well under suci :onditions. 


Among the advantages claimed for 
this silicon rectifier (which features 
diffused silicon junction, solid copper 
base, hot tin-dipped terminal, hermetic 
seal for silicon chamber, and tough 


Give us the contact radio noise reduction 
problem and the chances are excellent that 
Stackpole can recommend materials or testing 
procedures to solve it, epoxy protective coating) are greater 
reliability and uniformity, with quality 
consistent through the entire line; low 
forward drop, superior reverse charac- 
teristics at all temperatures; higher 
insulation resistance; and current 
ratings up to 25 per cent higher than 
other rectifiers of similar size and cost. 
Vickers Incorporated, Electric Products 
Division, 1815 Locust St.. St. Louis 3, 
Mo. >518 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES *« CONTACTS « VOLTAGE REGULATOR DISCS 
CATHODIC PROTECTION ANODES « SEAL RINGS « CLUTCH 
RINGS « FRICTION SEGMENTS *« CHEMICAL ANODES 
POROUS CARBON and dozens of other related products, 


COMPONENT HOLDER 
custom-en g ineered Spring-loaded holder is used to hold 


cemponent leads securely in testing 


CONTACT s/s RUSHES resistors, capacitors and dials. It will 


handle wires from 0.005 to 0.090 in. 
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PHILLIPS 


SUB-MINIATURE RELAYS 


A COMPLETE SUB-MINIATURE LINE A COMPLETE ENGINEERING SERVICE 
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TRANSISTORS NEED COOLING Too! 


diam. Gold plating minimizes contact 
resistance and corrosion. General Com- 
ponents Inc., 225 E. 144th St., New 
York 5i, N. Y. >519 


és ELECTROHYDRAULIC 
*Protected by SERVO VALVE 
U.S. Patents 
This single-stage, four-way,  flow- 


i 


McLean Fans and Blowers* Save Sensitive Components control servo valve for use in electro- 


hydraulic servo systems features a d-c 
Semi-conductors like tubes, require uniform tem- torque motor for the valve actuator 
peratures for top efficiency. Excessive heat causes a capable of exerting over 13 lb of 
thermal runaway . . . destroys physical properties : 
and calibration. A McLean fan or blower will extend 
component life and prevents system failure or in- 
accuracies. McLean’s full line of packaged cooling 
units are smart, compact, easy-to-install and have a 
multitude of mounting possibilities. Many models in 
various panel heights and CFM’s available. Mil. Spec. 
equipment for packaged cooling also available. 


ENGINEERING FREE tecHNICAL DATA 
McLEAN cnsoratonics emailed 
World Leader in Packaged Cooling @ 12 Page Article 


Forced Convection Cooling 
Princeton, New Jersey — WAlnut 4-4440 © Specification Sheet on 


TWX Princeton, New Jersey 636 Reversible Fans 


force. The motor is loaded lightly 
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. during normal operation, but exerts 
Spiral Wound full foree when particle jamming or 


| silting conditions are encountered. The 
Model 200 valve operates in relatively 
‘ FLAT contaminated fluids. It will operate at 


Suan se Swat” | SAMO | 00%, revues of 50 0 1000 
ae — Somme dad bale eababae a ternal leakage of 0.06 gpm _ max. 
CORNERS RADIUS <a , Operating temperature range, —65 to 

+265 F; electrical input power, 5.5 
watts max; size 244 x 214 x 3% in. 
American Measurement & Control, Inc., 
240 Calvary Street, Waltham 54, Mas- 
sachusetts. >520 





SPIRAL WOUND 
Not Die Formed 


SUBMINIATURE CHOPPER 
Syncroverter subminiature DPDT chop- 


ANY SIZE—SQUARE OR RECTANGULAR per is designed for high reliability and 


; : Bee ife. wi xcelle acking and 
PARAFORMED paper tubes simplify coil winding long life, with excellent Sra Fe: 
operations and speed production, yet cost no more. resistance to shock and vibration. ea- 
4 In the exclusive PARAFORM method of tube tures contact rating from “dry circuit 
wat  - edges making, no artificial heat or pressure is used— 
" Paraforming takes place at the time of spiral 
© need for wedges to ae : 7 c im xs 
tighten wire winding. Hi-Dielectric. Hi-Strength. Kraft, Fish 
Permits winding coils Paper, Acetate, Red Rope or any combination 
to closer tolerances wound on automatic machines. Produced from 
On ee stock arbors or special sizes engineered for you. 
Allows taster stacking Can also be supplied in regular or with slight bow. 
of wound coils 





“ 


ey rd mou nt i Write on company 
PAPER TUBE CORP. letterhead for 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA | Souk ARBOR Aish. 
Manvtacturers of Paper Tubing for the Electrical Industry Since 1931 
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Roads, Rails 
and Vapor Trails 


Whether it hugs the earth or rides the stratosphere’s jet 
streams, modern transportation has one uncommon denom- 
inator—stainless steel. 


America’s first supersonic bomber — the world’s lightest full- 

size, railroad passenger car—the trucking industry’s highest capacity lightweight 

trailer—all owe their existence to stainless steel’s extraordinary strength-weight ratio 
and almost indestructible good looks. 


a | Every American auto on the road today uses stainless steel functionally and decoratively 
7 fp! to protect painted and treated surfaces, because only stainless steel requires no protective 
- as} treatment to preserve factory freshness and assure lasting customer satisfaction. And its 
.... unusual workability means that finished product costs are usually lower than for any other 


bright metal. 


Whether your primary interest is function or form, J&L 
provides consistent quality for uniform production. 


J&L leads the industry in melt shop standards for stain- 
less steel—the point where quality starts, and production 
economies begin. 


re STAINLESS 
/ Wh Plants and Service Centers: 


/ Los Angeles * Kenilworth (N. J.) * Youngstown + Louisville (Ohio) * Indianapolis + Detroit SHEET + STRIP > BAR + WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION «+ Box 4606, Detroit 34 
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when you need 
insulated wire 
that’s... 


then specify 


CONTINENTAL 
insulated wire 


There's a wide selection of types and sizes... insulated with as- 
bestos, nylon, polyvinyls, silicone rubber, glass, Teflon, Kel-F, and 
many other insulations in stock or especially engineered for your 
application. 


For more information, write giving amperage, voltage, diameter 
limitations, operating temperatures and conditions. 


Cormfrar2er2£fal WALLINGFORD, CONNECTICUT 
Wire corporation YORK, PENNSYLVANIA 
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to 100 volts and phase angle virtually 
unaffected by temperature extremes 
from —65 to +125 C. The Bristol Co., 
Waterbury 20, Conn. +521 


LOW-COST GEARMOTOR 


Precision-cut gears for max strength 
and quiet operation are incorporated 
in a low-cost gearmotor, the VW10, 
using an integrally mounted, 14-hp 
split-phase motor. Provides speeds of 


30, 60, or 120 rpm with developed 
torque of up to 433 in.-lb. It is recom- 
mended for intermittent or continuous 
duty, in applications requiring low- 
speed motive power. With cast-alumi- 
num gear housing, total weight is 18 
lb. Permanently lubricated, the unit is 
designed for 115 volts a-c, 50 C rise 
above ambient. von Weise Gear Co., 
9353 Watson Industrial Park, St. Louis 
19. Mo. »522 


PRESSURE CONTROLS 


Five models of lightweight pressure 
control style J40 are designed with 
phosphor-bronze bellows allowing dif- 
ferentials as close as 12 +4 oz. Units 
suitable for air, gas or liquid pressures 
because of their light weight (31% oz) 
are useful for applications where space 
and weight are important factors. 
Pressure settings are made by rotating 
a knurled uncalibrated adjustment 
wheel. Snap-action switches, NC, NO or 
double throw, may be used with an 
electrical rating of 15 amp at 115/230 
volts a-c. Switch differentials may be 
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tion — holds assembly 
in firm alignment. 


20 SERIES, TEEN SERIES, A baseball is built to take a beating ...and DECCO INDUSTRIAL 
a PULL SOLENOIDS are “BUILT” to take the terrific self-punishment EVERY 
solenoid has to endure. 


Only DECCO solenoids can give you the special, “built-in” shock 
absorbing features and extra engineered stamina so important in 
A keeping solenoid replacement at an economical minimum. 


roe From the DECCO Oil Immersed, Multi-Million cycle model to the 
50 SERIES, O” SERIES, ‘ : as z 
MAMMOTH MIDGET industrial quality midgets you'll get service life far beyond your 
fondest expectations. 


Decco engineers will gladly discuss your solenoid problems. 


~~ 


pS eh 


OIL IMMERSED 
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ANY TYPE TERMINAL 
for RADIO, TELEVISION, 
COMMUNICATIONS 
and ELECTRONIC 
APPLICATIONS 


Malco supplies terminals 
for all standard and spe- 
cial requirements. Send 
blueprint or specifications 
for specific information 


and prompt quotation. 


REQUEST 
BULLETIN 
552 


increased or reduced by controlling 


electrical rating. United Electric Con- | 


»523 


trols Co., Watertown, Mass. 


ADJUSTABLE CAPACITORS 

Stable polystyrene hermetically sealed 
capacitors, for use in ultra-precise 
circuits where large capacitance of 
extremely close tolerance is required, 


available in both standard and 
non-standard values. Capacitance value 
may be adjusted over a range of +] 
per cent of nom value for values over 
0.1 pf. For values of 0.1 wf or lower, 
+2 per cent can be attained. Windings 
are completely noninductive. 

The change of capacitance with ad- 
justing linear to 
better than 144 per cent. Once set, a 
unit will maintain its value within 
0.1 per cent for nearly a year. Stray 
capacitance from capacitor to adjust- 
ment on the order of 100 
puf. Film Capacitors, Inc., 3400 Park 
Ave., New York 56, N. Y. >524 


are 


screw rotation is 


screw is 


MINIATURE BRASS NUTS 


Turned nuts for precision instruments 
and miniaturized equipment are ayvail- 
able in a wide range of specifications 
with standard or special threads (No. 
O and larger) in diameters as small as 
1, in. hexagon. Lengths and diameters 
are held to +-0.000 and 0.005 in. 
The nuts are tapped square with faces, 
countersunk on both 
degreased, can be 
either single or 


burrless, 
furnished in 
double-chamfered 


sides, 


and 


computing 
components 


AUER) IT 


New precision 
differentials with double- 
bearing pinions 


36 
2 
per pinion 
Shaft Type 
Shaft Size 


breakaway 

torque 

Max 

(minutes | 
LIBRASCOPE’S he” 
new Model 36/ 
37 differential 
with two minia- 
ture precision 
bearings per 
»inion provides greater accuracy and 
os backlash than previously avail- 
able models. Can be ordered with 
either a hollow or solid shaft. The hol- 
low shaft version (Model 36) employs 
a unique method of internal shaft 
clamping which prevents marring of 
the shaft and seen overall length. 
A new and superior method of attach- 
ing side gears is also provided. 


SEND FOR DATA SHEET 36-37 


Max 
static load 
Max 
gear input 
speed 


Angular to /inea/ 
conversion with 
sine-cosine mechanism 


recommended 
speed 
Max 
recommended 
toad on pin 


The LrprAscoPE 
Sine-Cosine 
Mechanism ac- 
curately converts 
angular rotating motion into lineal 
sine-cosine movement. Instantane- 
ously solves problems of changing 
variables involving vector compon- 
ents, range and bearing computation, 
flight computation, and many other 
trigonometric functions. 


SEND FOR DATA SHEET 43-44 





LIBRASCOPE, INC. 
Commercial Division 
A 
GENERAL 


PRECISION 
COMPANY 








| A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
ae MANUFACTURING COMPANY 
| 


LIBRASCOPE, INC. Commercial Division 
4021 W. LAKE ST. * CHICAGO 24, ILL. 100 East Tujunga Avenue « Burbank, California 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


NEW! A MIRROR THAT 
MAKES HEAT TO BEAT SLEET 


You’re jockeying a big trailer-truck along 
a winding road in New England. It’s 
winter and you run into a real storm—a 
mixture of snow, rain, sleet. You flip a 
switch and... 


Your outside rear-view mirror is clear 
in a matter of minutes. From a heavy 
coating of ice to all clear is only a matter 
of five minutes, even at —20°F. 

The mirror, as you might guess, isn’t 
just ordinary glass. It’s one of Corning’s 
Pyrex brand glasses, and on its surface is 
an electrically conductive coating that’s 
permanently fired in. 

This coating (a metallic oxide) is what 
turns your mirror into a heating element 
when a current is applied. ‘The heat melts 
ice and snow, prevents fog or drizzle from 
condensing on the surface. 

If you use EC (electrical-conducting) 
glass for self-defrosting mirrors you get a 
bonus, since the coating also provides a 
non-glare surface. 

But don’t go away just because you 
gave up dreaming about driving a truck- 
and-trailer years ago. This Pyrex™ elec- 
trical-conducting glass comes in a wide 
choice of applications. 

For example, there are some enterpris- 
ing people who build radiant heaters, 
both portable and permanent, around 
such glass panels. 

Comfort, safety, and convenience are 
the big selling points. Comfort because a 
panel of EC glass is an area heat source 
putting out long waves. Safety because 
there are no exposed wires or moving 
parts. Convenience since you have no 
burning, no need to do extensive re- 
modeling in order to install-it. 

These same reasons have made Pyrex 
brand radiant heating units attractive to 
industry—for heating, drying, curing. 
baking. 
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And, if you turn a panel of this glass 
around, it becomes an infrared reflector 
you can see through—blocking heat but 
still passing about 75% of the visible light. 

Facts? Ask for PE-34, a 4-page data 
sheet, and/or PE-60, all about industrial 
heating units. Please use the coupon. 


YOU ARE CORDIALLY INVITED 


, to visit the Corning Glass Center 
located in Corning, in the rolling hills just 
south of New York State’s Finger Lakes 
region. The Center is dedicated to the 
history, science, art, and industry of 
glassmaking. 

Among the Center's most-visited at- 
tractions are the Corning Museum of 
Glass and the Hall of Science and Industry. 

At the Museum you'll find a compre- 
hensive and renowned collection of glass 
objets d'art. You will find vases and other 
glass forms produced by by-gone civiliza- 
tions. And you will see the ways in which 
today’s craftsmen, around the world, use 
glass in varied art forms. 


The Hall of Science and Industry is 
filled with exhibits and devoted to the 
roles glass plays in industry, business, and 
science. Many exhibits contain full-scale 
working models and demonstrations. 

And, there’s also a library devoted 
exclusively to books and other reference 
materials on glass. 

It all awaits you. So come to the Glass 
Center. You'll find it stimulating and 
rewarding. Bring the family, too. You'll 
all enjoy the trip. 

Open daily except Mondays from 9:30to 5, 

If you'd like a few more facts, send for a 
free folder. But plan to come soon. 


CORNING MEANS 


RESEARCH IN 


FROM CORNING 


HOW TO GET 
A RECTANGULAR BEAM 
FROM A ROUND LENS 


This is no ordinary floodlight lens. It 


produces, despite its circular shape, a 
rectangular beam. 

Why? Because a large oil company 
asked Crouse-Hinds of Syracuse, N. Y., 
to provide a floodlight to illuminate 
rectangular signs, 4’ x 8’. Besides being 
rectangular, the request called for light- 
ing that had no “hot spot” which might 
make the sign unreadable. 

So Crouse-Hinds turned to Corning. 
And through the talents of one of ow 
product engineers, we designed a round 
lens that puts out a rectangular beam. 

Unusual? Yes, but typical of the special 
problems we handle almost daily (we 
once made a lens producing a square 
beam for the same people) 

Moral: Whatever your interest—be it 
lighting, corrosion, high 
temperatures, precision 
shaping, or what have 
you—maybe we already 
make what you need from 
glass. 

As a start, take a look 
through ‘This Is Glass.” 

(To get a copy, check the 
coupon. ) 


GLASS 


w CORNING GLASS WORKS 59 Crystal Street, Corning, N.Y. 


Please send me: [_] PE-34, 4-page data sheet on glasses for industrial use; (] PE- 


a 
Company_— 


Street 


eens: 





City 


' 
| 
| 
| 
| 
| 
60, booklet on heating units; (] Brochure on the Glass Center; (_] ‘‘This Is Glass” : 
| 
| 
| 
| 
| 
| 
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| styles and special shapes. Fischer Spe- 
cial Mfg. Co., 421 Morgan Ave., Cin- 
| cinnati 6, Ohio. >525 
IL- | N ULATED DE etasaten 
| Subminiature diffused-junction silicon 


diode IN673 for high-efficiency rectifier 


| applications can be connected in series 
| in high-voltage power supplies without 
| use of paralleling resistors. Junction 


From electrical power to electronic power is quite a switch! 
Fact is that a high KVA electronic transformer needs to be a 
bit more sophisticated than a comparable distribution trans- | 
former. The electronic unit usually needs to be more compact 
...to weigh less...to perform reliably in specific environments 


in short, to be designed for a specific electronic application.  h#tacteristics make it useful as a high- 
Q variable capacitor. 

It features high forward conductance, 

a high piv rating (350 volts) and low 

inverse currents. Peak forward cur- 

rents up to 3 amp and an _ inverse 

; current less than 1.0 pamp at 300 volts 

from microwatt | are among its capabilities. At 250 ma. 

max forward drop is 1 volt. Max power 

"43 STU TR ey to megawatt... | dissipation is 250 mw at 25 C. Has 

clear glass seals and an all-metal en- 

including the big capsulation that provide a lower tem- 

perature derating than conventional 


It takes experience to meet these needs. Not many companies 


have it. Electro does. We specialize in electronic transformers 


ones for ground radar, glass. Western Electric Radio Div., 120 
Broadway, New York 5, N. Y. 526 


scatter communications, 


MOUNTINGS FOR 
AIRBORNE UNITS 


research and industrial Two new sizes extend the line of BTR 
(broad temperature range)  Elasto- 


missile ground support, 


applications. Custom meric mountings into the lower load 
ranges. HTO-1 and HTO-2 mountings 

engineered to meet have load capacities of ] and 2 |b, re- 

e spectively, and each unit weights only 


; , oz. They incorporate the same_per- 
Ou , ‘me . ne : 
your requirements. | formance characteristics as other sizes 
in the BTR series which include broad 


temperature operation from 65 to 


120 KV 2A DC power supply installed at 


. : +300 F, extreme envir nite »sist- 
Eitel-McCullough, Inc. for klystron testing F, extreme environmental resist 


ance, all-attitude protection, isolation 
of frequencies to 2000 cps and high 
internal damping. They are particularly 


sect BIG ONES useful in gyro applications where re- 


A SaLECorTERoO 


high reliability transformers 


HTO 
ELECTRO ENGINEERING WORKS, 401 PREDA STREET, SAN LEANDRO, CALIFORNIA 
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Lt | ; ) 
| Precision Guidarice 
| ) —. 

—=1,<-0f Nearly a Mile 
of Plate Glass... 


~~ F 


controls by 


ALLEN-BRADLEY 


of course! 


The New Pittsburgh Plate Glass Plant at Cumber- 
land, Maryland, heralds a new era in the art of plate 
glass making. Night and day, a continuous ribbon 
of glass is fed to a nearly mile-long process line. Then 
a complex control system directs the automatic cut- 
ting, sorting, and conveying of the glass to six areas, 
according to a continuously varying program. 


Special control panels which integrate portions of 
this equipment into a unified, smoothly operating 
system were designed, developed, and engineered by 
Allen-Bradley. You can benefit by this extensive 

. control experience . . . it is a “‘plus’”’ value when you 
(Ri ih aa al . specify Allen-Bradley quality motor control. 
A series of control panels such as this is used in the Pittsburgh Allen-Bradley Co., 1316 S. Second St. 
Plate Glass cutting room. Above are shown the Allen-Bradley Milwaukee 4, Wis. 


engineers after completing the factory testing of the final panel. In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


See on the next page how & B Controls do it 





In the cutting room at Pittsburgh 

Pl] ate Glass Plate Glass (below), Allen-Bradley 
controls prove the reliability of their 

a ‘simple design.”’ All A-B solenoid 

made by the mile starters, contactors, and relays have 
only ONE moving part... assuring 

millions of trouble free operations. 


’ 7 There are no bearings or jumpers to 
with reliable cause trouble. Contact maintenance 


is also eliminated—A-B double 
A a a BE N ~ B R A D as B Y break, silver alloy contacts remain 
in perfect operating condition until 
completely worn away. Insist on 
Allen-Bradley quality motor controls 
. you cannot do better! 


iascee teo A sonpactits haiti ois qreaeah similarities 
control relays, pneumatic timers, and electronic timers. In addition, he’ 
of eitight puch button units cng olitight lent switehios ied tn the 


eee & 


Contactor— Bulletin Solenoid Starter Control Relay — Limit Switch—Bul- Pneumatic Timer 
702, Size 3 shown. Bulletin 709, Size 2 Bulletin 700. Uni- letin 802T. Oiltight Bulletin 849 for on- 
Made up to Size 8, shown. Made inratings versal type relay with roller lever type delay or off-delay. 
rated 1350 amps, to 450 hp, 220v; both N.O. and N.C. shown. Also with many Range from 1/20 to 
220-550 v. 900 hp, 440-550 v. contacts shown. other operators. 180 sec + 10%. 


ALLEN-BRADLEY 


World's loaieest push bases sill 


. 
a) u a i 1 t M4 M O iF Oo r 6;  @) pet iF r Oo i Six such control stations, each with this array 
of Allen-Bradley push buttons plus pilot 
lights, are used to select and operate cutters. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 5-59-MR 





turnability is a problem. Lord Manu- 
facturing Co., Erie, Pa. >527 


ATTENUATORS AND 
TERMINATIONS 


The fixed-pad coaxial attenuators for 
Type N connectors have a nominal 
impedance of 52.5 ohms. They are 
usable in a frequency range from d-c 
to 2500 mc; maximum VSWR through 





this range is 1.2. Average power rat- | 


ing watt. Type HFA/N-50 is 
available in standard models for at- 
tenuation values from 1 to 20 db. 
The coaxial termination for Type N 
connector application is designated as 
Type HFT/N-50. It has an impedance 
of 52.5 ohms and max VSWR of 1.2 


is VY, 


from d-c to 2500 mc. Applied Research | 


Inc., 76 S. Bayles Ave., Port Washing- 
ton, N. Y. >528 


MATCHED CRYSTAL 

AND OVEN 

Crystal unit (JKO23 Thermystal) fea- 
tures a glass-sealed thermostat. Speci- 
fications: calibration accuracy, +2 
ppm; frequency stability, better than 
+] x 10-7 per 24 hr over ambient 
range of —55 to within 5 deg C of 
specified temperature when used with 
appropriate oscillator; warm-up time, 
from room temperature am- 
hient; operates from 117 volts a-c or 
28 volts d-c. Meets applicable military 


15 min 
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Typical of problem parts that 
cause abrasion to tool parts is 
this electric range switch com- 
ponent. Greater formability of 
200-PLUS means less abrasion 
—longer tool life. 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 


TOOL LIFE 
INCREASED 


30% 


OR MORE... 


...Wwith miller 


*A leading manufacturer of wiring device 
assemblies reports: “Miller 200-PLUS 
phosphor bronze, with its great form- 
ability, has significantly reduced our 
need for tool sharpening, and all indi- 
cations point to a greatly increased tool 
life. In addition, | get a more consistent 
part, with more uniform shape and 
springback.”’ 

The secret’s in the 200% ductility 
increase of Miller 200-PLUS. Forming 
ability goes way up... tensile strength 
remains the same! The result is far less 
abrasion than with other phosphor 
bronzes in spring temper—and tools 
that last one-third longer! 


*Name and case history on request 


..- WHERE PHOSPHOR BRONZE !IS THE MAIN LINE-NOT A SIDELINE 
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OESCH 


BW2 BOBBIN winder 





* improved 
* faster 
* fully automatic 


rugged, versatile, high speed winder for 
bobbins, solenoids, resistors, relays and 
other random-wound coils. 


Write for bulletin BW 2 today! 


Boesch M ufacturing 










Increase 
Production 
Efficiency 


with Precision Made 


The uniformity and toughness of Wisconsin 
ceramic parts give you a closer fit, speeds 
assembling and reduces production costs. 


Wi ° Wisconsin Porcelain Co.'s line includes: 
isconsin PORCELAIN—Pieces are of consistent high quality 
C e —furnished with very white finish, or glazed 
eramic in various colors. 


STEATITE— Meets your needs where low loss, ability 
to withstand electrical shock or low water 
absorption are requirements. 

REFRACTORY —Especially suited to applications 
where great temperature variation is a factor. 


Parts 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN 
PORCELAIN CO. 
NS Market St., Sun Prairie, Wis 


FP GeWw Wear” 1 


FILTER—Designed to accurately filter and control 
flow of liquids. 


TELL US YOUR REQUIREMENTS — our cetomic engineers 
will work with you in selecting or designing the part best 
suited to your application 
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specifications. James Knights Co., 
Sandwich, Ill. >529 


TRANSISTORIZED POWER 
SUPPLIES 


Regulated supplies feature 0.02 per 
cent regulation and stability, low out- 
put impedance, fuseless short-circuit 
protection, over-current control, remote 





programming, and remote error signal 
sensing. 

Four models (PSC-5-2, 10-2, 15-2, 
20-2) each deliver 0 to 2 amp con- 
tinuous duty and supply respectively 
000 75, 75 te 125, 125:to 175, 115 
to 22.5 volts. Two models (PSC-28-1, 
38-1) each provide 0 to 1 amp con- 
tinuous duty and 22.5 to 32.5, 32.5 to 
12.5 volts respectively. A 25-turn out- 
put control affords continuously vari- 
able output. Ripple: less than 1 mv 
rms. Recovery time, 50 psec. Ambient 
operating temperature range, —20 to 
+50 C. Temperature coefficient, less 
than 0.01 per cent/deg C. Power re- 
quirements, 105-125 volts, 50-65 cycles 
(400-cycle units available). Kepco 
Laboratories, Inc., 131-38 Sanford Ave., 
Flushing 55, N. Y. > 530 


PANCAKE SYNCHROS AND 
RESOLVERS 


Designed for use in instruments such 
as inertial guidance systems where pan- 
cake configuration is necessary for 
space and weight limitations, these 
synchro and resolver units are available 
in sizes 20 to 27, featuring accuracies 
down to 5 min with electrical proper- 
ties designed to meet specific applica- 
tions and also to match standard com- 
ponents for accuracy, voltage gradient 
and impedances. Units with flanges and 
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lean AL ae 


It terminates the best circuits in the appliance and automotive fields. 
It’s an A-MP Automachine product featuring remarkable 
production rates. It offers the highest reliability and . . . 
the total installed cost is lower than anything you’re now using. 


That’s the A-MP Faston® line. 


Equally important, the A-MP Faston receptacle has outstanding 
vibration resistance, a broad temperature tolerance range and 
uniform performance in quantities of one or a million. 
Made in single circuit units (flag or straight receptacles) and 
Fastin-Faston connector units (one or six circuits), this A-MP 
line offers unbeatable versatility to fit practically any 
circuit connection requirement in tab width .250, .205, .187, and .110. 





If you are not specifying ‘“‘A-MP”’ to save on your circuitry design and 
production costs, send today for the new A-MP Faston Catalog. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada « England «+ France « Holland « Japan 
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NEED TOP QUALITY? 
USE G-E RESISTORS 


Specify G-E vitreous-enameled resistors 
when your designs require dependable 
performance. G-E resistors are designed 
to eliminate failures! Non-crazing vitre- 
ous enamel effectively seals out corrosive 
atmospheric conditions. You pay noth- 
ing extra for this G-E quality! Follow 
instructions below for the G-E Resistor 
Catalog. General Electric Co., Roanoke, 
Virginia. 784-17 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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hubs as an integral part for ease of 
installation and adjustment are also 
available. Luther Manufacturing Co., 
7312 Varna St., No. Hollywood, Calif- 
+531 


ornia. 


TRI-AXIAL CABLE 
CONNECTOR 

Miniature connectors which measure 
only 1 x % in. provide two separate 
concentric shields, accommodate cables 





up to 0.212 in. OD, and have a 500-volt 
rated capacity, 

The connectors are bayonet locking, 
have Teflon insulation, and are avail- 
able in four different polarity groups. 
They require no special tools for as- 
sembly and withstand a cable pull of 
over 50 Ib. All standard fittings are 
available. 


Tri-axial connectors may also be 
used with coaxial cable from 0.060 
to 0.250 in. OD where ungrounded 
systems are required. Dage Electric 
Co., Inc., 67 N. Second St., Beech 
Grove, Ind. 532 


PRE-DETERMINED COUNTER 


Countron pre-determined — counter, 
which operates at speeds up to 1000 
impulses per min, is enclosed in a 16- 
gage steel cabinet 10% x 12 x 6% in. 
For max protection of components for 





mounting on machine, panel or wall, it 
is made in 3 models with pre-deter- 
mined selectivities from 1-100, 1-1000 
and 1-10,000. Features automatic and 
instantaneous recycling to zero after 
each completed count cycle. Operating 
voltage, 24 volts a-c, 50-60 cycle, with 
110/220 to 24-volt a-c transformer also 
available. Actuated by any type of 
SPST switching device and has manual 
reset button and pilot lamp. Hobson 
Miller Machinery Corp., 280 Lafayette 
St., New York 12, N. Y. >533 


(Continued on page 286) 
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Only a few Gudebrod flat- 
braided Lacing Tapes are 
included in this chart. Many 
are available with silicone 
finish, with vinyl] finish . . . 
many are available pre- 
shrunk with controlled 
shrinkage characteristics. 
We will be glad to engineer 
a tape to meet your needs. - 


Gudebrod Lacing Tapes and 
Drive Cords are used with 
signal success in communi- 
cations, utilities and the 
critical field of defense elec- 
tronics. Write for new Data 
Book with complete specifi- 
cations of ALL Gudebrod 
Lacing Tapes. 


GUDEBROD 


BROS. SILK CO., INC. 


ELECTRONIC DIVISION 

225 West 34th Street, New York |, N.Y 
EXECUTIVE OFFICES 

12 South 12th Street, Philadelphia 7, Pa 
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NEW SPAULDING 33 INSULATION LICKS AN 
OLD PROBLEM IN ELECTRICAL MOTORS 


Special Properties: 
Dielectric Strength—110 
volts/mil after 4 hours 
total immersion in water. 


Our 5 Plants 
and 
28 Branch 
Sales 
Offices 


Indus- 
tries 


MAY 1959 


New Spaulding 33 is a superior electrical insulation for motors 
operating under conditions of high humidity or moisture collection, 
such as fan, air-conditioner or “splash proof” installations. 


Spaulding 33 maintains high dielectric strength even when com 
pletely immersed in water due to a unique new treatment of its 100% 


rag paper base which prevents moisture absorption after edges have 


been cut. 


We will fabricate Spaulding 33 to your specifications. It is also 
available in sheets, rolls and strips. 


Contact Spaulding for complete information 


SPAULDING FIBRE COMPANY, INC. 


306 WHEELER STREET, TONAWANDA, NEW YORK 
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© test its use in extremely corrosive 
atmospheres this switch using gold- 
laminated contacts and slip rings (a 


"4 ‘isingle-pole, 32-position, shorting Type 
cs | 11-CM-32) was suspended in a sulfur 


aie : - . |JCONTACTS AND SWITCHES 


|! 


| atmosphere at 45 C for 245 hr. The 
| initial contact resistance reading was 
0.001 to 0.002 ohm. After completion 
of the tests, the contact resistance was 
still only 0.0021 to 0.0025 ohm. The 
gold-laminated contacts and slip rings 
are available where a switch will be 
used in a highly corrosive atmosphere. 
The Daven Co., Livingston, N. J. > 534 


PROXIMITY CONTROL UNIT 
Control unit provides positive on-off 
relay action at the rate of 3600 opera- 
tions per min when used with a 


altitude-moisture resistant jrximity pickup to contol counting 


batching and transfer machines, and 
AMPHENOL MinniE connectors are the first true afford accurate positioning control. The 
miniature “E” types—the only miniatures able to pickup, placed at the point of work, 
pass the new, exacting altitude-moisture immersion responds to metal parts in close prox- 
: ; imity. Can be used either to detect 
test. In this test mated, wired connectors are gen : . 
5 : : every part moving past the pickup or 
immersed in salt water and altitude cycled to to detect stationary parts when they 
80,000 ft. for one minute, 65,000 ft. for one-half reach a particular level opposite the 
hour and then returned to ground pressure for pickup. 

i ° ° a i > 4907- r rO- 
another half-hour. MinniE insulation resistance Control unit Model 4907-JIC — 
oleae thin taut be ola 1000 me tected by enclosure that meets JIC 
alter this tes is a minimum 1] mego ms. standards. Adjustable to the desired 

In aircraft, in missiles and in exacting ground and operating range. All controls are en- 
sea applications AMPHENOL MinniE connectors closed. Input is 117 volt, 50/60 cycles 
will provide outstanding service. Any company om - 15 watts; = volt — 
working with environmentally-resistant FS MRO ONNON -Gautnct yeehy 

pee eee : Alternate unenclosed Model 4907-L 
connectors is invited to write for complete ica 
ee F (Continued on page 290) 
MinniE information. 


Unitized end grommet, 
stainless steel bayonet 
slots and pins, hooded 
socket contacts are other 
Minni E features. 


\ GERRBEMBD) connector oivision 


Amphenol-Borg Electronics Corporation CHICAGO 50, ILLINOIS 
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READ DIRECTLY 


Luua 


and 


Luv 


10 times previous accuracy, drift less than 


+2 pv, noise less than 0.2 pv! 


New 425A Microvolt-Ammeter 


Now make these difficult measurements quickly, easily 


Engineering — minute dc potentials, difference voltages, nulls; resistances from milliohms 
to 10 megmegohms (with external de source). Also use with Esterline-Angus, other 


recorders 


Physics, Chemistry — grid, photomultiplier circuits, vacuum ion levels, thermocouple poten- 


tials, voltaic currents in chemicals 


Medicine, Biology — voltages in living cells, plants, seeds, nerve voltages 


Use of a photoelectric chopper instead of a mechanical vibra- 





tor, insuring low noise and drift. Protection against 1,000 volt 
xz ro ion agal vOl 





momentary overloads. New probe minimizing thermocouple 


and triboelectric effects. Heavy ac filtering. 


Above are but a few of the reasons why the new -hp- 425A 
does the work of complex equipment arrays faster, more sim- 


ply and with 10 times previous accuracy. 


In addition to extremely small voltages and currents, Model 
425A measures resistances from milliohms to 10 megmegohms, 


in conjunction with an external constant current. 


Get complete details today from your -hp- representative, or 
write direct. 


SPECIFICATIONS 


MICROVOLT-AMPLIFIER 
Voltages: Pos. and neg. 10 Hv to 1 v full scale. 
11 ranges, 1-3-10 sequence. 
Current: Pos. and neg. 10 Ha to 3 ma full scale. 
18 ranges, 1-3-10 sequence 
Input Impedance: | megohm on voltage ranges, 
1 megohm to 0.33 ohms on current ranges. 
Accuracy: + 3%, full scale. 
AMPLIFIER: 
Frequency Range: dc to 0.2 cps 
Gain: 100,000 maximum 
Output: 0 to 1 v, adjustable 
Output Impedance: 10 ohms, 1,000 shunt 


PRICE: $500.00 f.0.b. factory 


Data subject to change without notice 


HEWLETT-PACKARD COMPANY 


J26M PAGE MILL ROAD «- PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK'' - DAVENPORT 5.4451 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


7) presenting 30 basic new instruments in one year! 
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Polyester high-temperature 


magnet wire in full range of sizes 


— — SQUARE 


— — RECTANGULAR 


Anatherm, Anaconda’s Class 155°C polyester film- 
coated magnet wire is now available in single, 
heavy, triple and quadruple grades of round wires 
and in a full range of sizes of squares and rectangu- 
lars. This was the first polyester magnet wire offered 
in a complete range of sizes and shapes. 

Fully tested for use at temperatures up to 155°C, 
Anatherm was also the first film-coated wire to meet 
the newly adopted ATEE 155°C (Class F) rating. 

Anatherm gives you greater thermal stability— 
plus excellent abrasion-resistance, chemical stabil- 
ity and dielectric strength. Thus Anatherm is ideally 


suited for manufacturers seeking maximum per- 


Le S SEE THE MAN FROM 
LIVE BETTER 


“Corner” FOR ANA 


formance and reliability from smaller and smaller 
equipment operating at higher and higher tem- 
peratures. 

As a polyester magnet wire, Anatherm can be 
used equally successfully at any “hottest-spot” tem- 
peratures over the range of 105°C to 155°C. If 
youre on the spot about high-temperature magnet 
wire, ask the Man from Anaconda about Anatherm. 


Write for free Anatherm technical bulletin: 
Anaconda Wire & Cable Co., 25 Broadway, 


New York 4, New York. 


58364 Rev. 
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NACONDA 


FROM ANACONDA...THIS WIDE VARIETY OF TOP-QUALITY MAGNET WIRES— 


VITROTEX (Class B 


ated, high heat re 


ANALAC (Class A—105 C) 


solderable magnet wire 3lass-insu 


PLAIN ENAMEL | 


low-cost enameled magnet wire 


o Wego? th 


A NYFORM (Closs A 


high resistance to 


EPOXY (Class B 


all-round mpatit 


? 
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TRANSISTORIZED 


DIRECT READING 


Gaussmeter 


provides 
nine 
full-scale 
ranges 


RANGES (Gauss) 


0-100 0-1000 0-10,000 
0-200 0-2000 0-20,000 
0-500 0-5000 0-20,000 plus 


This stable, all transistorized Gaussmeter operates on the 
Hall Principle and provides a conservative accuracy of +3% 
over-all ranges. Accuracy can be increased to +1% at any 
point between 500 and 20,000 gausses by use of special probe 
reference magnets. Response is flat when measuring magnetic 
fields from DC up to 120 cps. Correction curves are supplied 
for measurement of fields up to 400 cps. 


The Model 1295A Gaussmeter operates from 
115-volt, 50-400 cycle power line. Internal 
switching arrangement and battery holders are 
also provided for self-contained battery opera- 
tion, Compartment in back of aluminum case 
provides storage for probe, reference magnet 
and power cord. Over-all size is 11 x 7 x 12. 
Weighs 12 Ibs. Net price $420. complete. 


Probe Reference Magnets 


Unit is supplied with a 1000-gauss +3/,% 
probe reference magnet and one standard 
probe. Nominal probe thickness is 0.025”. An 
ultra-thin probe, measuring 0.007” is available 
on special order. Sensitive element area of 
probes is approximately 0.017 square inches. 


TYPICAL 
REFERENCE MAGNET 


Prices are f.0.b. Boonton, N.J. & 
subject to change without notice. 


India Frequent 
MAAS. adie 


IN 
hd Th 


Boonton, New Jersey, U. 
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may be mounted on a flat panel, 5 x 
7 in. Electro Products Laboratories, 
4500 N. Ravenswood Ave., Chicago 40, 
Hl. >535 


TRANSISTORIZED 
POWER INVERTER 


Inverter supplies a-c sine-wave power 
from a battery line source and is es- 
pecially designed to insure maximum 
performance from a-c gyros and mo- 
tors. The output waveshape is sinus- 


oidal and avoids the heat-producing 
harmonic currents characteristic of 
square-wave operation. The transistors 
are operated as saturated switching 
elements, avoiding loss of efficiency 
due to sine-wave operation. Battery 
drain is minimized. 

For anti-hunting effect, a circuit in 
the Model 591-J unit eliminates the 
undershoot or overshoot tendency when 
near synchronous speed. Frequency is 
independent of the reactance variation 
of the gyro. 

The encapsulated and hermetically 
sealed regulated power supply incor- 
porates short-circuit and input over- 
voltage protection. Nominal input volt- 
age, 24, 26 or 28 volts d-c; output 
voltage, 26 and 115 volts a-c standard; 
output frequency, 400 cps with 1200, 
1500 and 2000 cps available; output 
power, 40 volt-amp; operating tem- 
perature range, —55 to +71 C. Arnold 
Magnetics Corp., 4613 W. Jefferson 
Blvd., Los Angeles 16, Calif. >536 


RADIAL-LEAD CAPACITORS 

Radial-lead CY17C capacitor brings 
capacity values in the Radial Series to 
1200 puf at 50 to 300 d-c working 
volts features exceptionally thin design 
(°%4 in.) whose lead geometry permits 
axial, radial or edge mounting. Mono- 
lithic porcelain construction provides 


is 1 2. 


eee 4 6 1276 2 24 a 
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Now you can get standard sizes 
in C/R End Face Seals! 


Chicago Rawhide now announces the 
availability of a complete new line of 
Standard End Face Seals to meet the 
widest possible range of sealing re- 
quirements. For sizes or conditions 
beyond the range of Standard End 
Face Seals, C/R engineers will con- 
tinue to cooperate with you on special 
designs. Their experience in sealing 
applications is unmatched — your as- 
surance of getting the correct seal for 
the job. 


Write for your free copy of 
this new C/R Bulletin ———~ © 5 504 inch shah ies 


* pressures 10 500 psi 


Bulletin EF-100 includes complete en- ! ® temperatures to 500° 5 

‘ © peripher 
velope space data on C/R Standard > ene *Peeds to 15,000 pm 
_ ~ ~ . * \ oF internal Pressures 
End Face Seals and mating rings to 
help you select the correct size for 
your equipment design: 


STANDARD 
ACE SEALS 


@ Size range table in two series — 
long and short — from 34 to 4 inch 


shaft diameter. PY PF = 
oa 


Size range table on mating rings. 


Typical seal installations for in- 
ternal and external pressure. 


Special instructions on how to order. 1301 Elston Avenue 


Chicago 22 


Tr 


TZ Sf AED 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 =LSTON AVENUE * CHICAGO 22, ILLINOIS 


fices in 55 principal cities. See your telephor 


Ii I A In Canada: Monufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, \'d., Hamiltor 
Export Sales: Geon International Corp., Great Neck, New York 
C/a Propucts: C/R Shaft and End Face Seals ¢ Sirvene (synthetic rubber) molded pliable 


R ym as HH i D E parts ¢ Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-Metallic Gears 
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a silicone resin sleeving 
so flexible you can get it 


in spools or coils! 


@ FLEXIBLE — may be manipulated at all tempera- “~~ 
tures, —70° to +500° F. without cracking or 
checking. Dielectric strength remains even when VARGLAS : 
sleeving is knotted. j 
@ HIGH DIELECTRIC STRENGTH — up to 7000 SILICONE RESIN 
Volts, depending on grade. Certified to meet 500” 
government specification MIL-I-3190, latest re- 
vs. ) SLEEVING 
@RADIATION RESISTANT — retains nonconduc- 
tive properties under greater-than-average ran- 
dom intensities. 


e gd RANGE OF — — 010" LD. to 3 Extremely useful where minia- 
‘D. Larger sizes possible. turization increases heat and 
@COLOR CODED — available in 12 brilliant, dielectric load on smaller wires, 


non-fading colors Varglas Silicone Resin 500" is 
ee ; only one of many sleevings 
@ CHOICE OF LENGTHS —for the first time, made by Varflex for this type 


continuous lengths up to 5000 feet available, thus of service. If you have a special 
eliminating waste. 36 inch lengths where pre- insulating problem, call on our 
ferred. engineers for modifications of 
existing products, or for de- 

@ DEPENDABLE, FAST DELIVERY — Immediate velopmental work to meet 


delivery on standard items from stock . .. 48 stringent new requirements. 


hours for new production. 
@ Send for free test samples. 


Varplerx SALES CO., INC. 
"Never Satisfied Until You Are”’ 


Manvtacturers of Electrical Insulating Tubing and Sleeving ¢ 309 Jay St., Rome, N.Y. 


292 Circle 279 on page 17 


immunity from humidity and high-fre- 
quency vibration. Dissipation factor is 
less than 0.0005 with a Q over 2500. 
Insulation resistance greater than 50.- 
000; capacitance drift less than 0.05 
per cent with a temperature coefficient 
of 115 +25 ppm/deg C from —55 to 
+125 C with absolute retrace, all units 
being within 5 ppm of one another. 
Vitramon, Incorporated, Bridgeport 1, 
Conn. »537 


AUDIO PLUGS AND 
RECEPTACLES 


P Series (illus, top row) 30-amp con- 
nector, available in panel or cable 
types (male and female) with 2 to 6 
contacts, has die-cast zinc alloy and 


Qe MS 


steel housing. Contacts of silver-plated 
brass with a silver-plated beryllium- 
copper spring. Fully tinned copper 
cups at contact tail ends are designed 
for No. 10 wires. Molded phenolic 
inserts imbedded in metal housing. 
Rated voltage 300 a-c. Latch lock pro- 
vides quick locking of a mated pair. 

EL Series (illus, bottom row), of 
similar design, available with 3 or 4 
contacts; 3-contact, 15 amp for No. 
14 wire and 4-contact, 10 amp for 
No. 16 wire. Elco Corp., M St. below 
Erie Ave., Philadelphia 24, Pa. —>538 


LOW-CURRENT 


REGULATOR TUBE 

Type GV3A-700L corona type regulator 
tube, for operation at 700 volts and for 
currents of 0.001 yamp or higher, is 
designed for applications requiring 
economy of current drain from the 
primary power source as in nuclear 
battery and solar cell regulation, and 
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rs NEW 
rsa PUSH-IN NUT 


STRAIGHT LEGS WON'T DISTORT 
THIN METALS OR ALUMINUM 


GREATLY INCREASED 
PULL-OUT RESISTANCE 


PATENT PENDING 


ROUND HEAD SQUARE HEAD ' a 
This new Dot Nylon Push-in Nut offers additional design and performance advan- 


tages over our currently available plastic snap-in nuts. These advantages are: 


O (1) Straight legs permit easy insertion in square, punched holes and do not distort 
the holes even in soft aluminum or thin-gauge steel. (2) Burrs do not impede the 
nut or prevent proper seating. (3) Tapered screw hole causes legs to spread when 
screw is inserted and results in greatly increased pull-out resistance (see drawing Al. 


RECTANGULAR 


TABLE OF DIMENSIONS 


For use with #8 or #10 screws, finished Ordinary sheet metal screws cut clean, strong threads in the molded nylon and 


hole size .290/.281, application thickness . : 
© > ; ) tio i 
£00124. Gther dees avaliable seen. the nut is both re-usable and highly resistant to vibration 


HEAD SIZE HEAD HEIGHT Used as a nut or asa spacer, Dot's Nylon Push-in Nut has wide application in all 

7/16" DIA. .150 products where sheet metals or plastics are employed. They can be supplied witha 
1/2” DIA. .030 moisture resistant sealer and special nuts can be designed to your specifications if 
1/2” DIA. 040 volume warrants. Currently available in eleven sizes. Full information on request. 
1/2” DIA. .070 
jan 

apa pon CARR FASTENER COMPANY 
3/8” SQ. 040 Division of United-Carr Fastener Corp., Cambridge 42, Mass. 
3/8” SQ. .140 

13/32” SQ. .030 

13/32” SQ. .200 MAKERS OF FASTENERS 


3/8” x 37/64” .060 BOOTH 71026—DES EERING SHOW 
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REVCOR 


we can keep 
you informed 
of the latest 
developments 


"AIR 
IMPELLERS 


BLOWER WHEELS 


Single and double In- 
let. Diameters from 
3-27/32"' to 15’'. 
Widths 1 to 15”. 
Housings and Inlet 
Rings also available. 


FAN BLADES 


8 types for ail 
applications. Di- 
ameters from 6” 
through 48”. 


AVAILABLE 
Free Brochure describ- 
it Mea ea Pe ee 


taal 


REVCOR 1c. 


yew er eh eat i af 
CARPENTERSVILLE, ILL 
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regulation of transistorized power 
supplies. Victoreen Instrument Co., 
5806 Hough Avenue, Cleveland 3, 
Ohio. >539 


LONG-STROKE TRANSDUCERS 


High-output and low-impedance sec- 
ondary windings are features of small 
differential transformers with linear 


stroke 70 per cent of coil length. The 
+0.5 to +8.0 in. linear-displacement 
transducers are magnetically shielded, 
potted, and furnished with Teflon- 
insulated leads. The ratio of output 
voltage to null voltage is 1000:1. 
Linearity is +0.5 per cent over a 
range of —60 to +250 F. Automatic 
Timing & Controls, Inc., Dept. 213, 
King of Prussia, Pa. >540 


CENTER SCREWLOCK 
CONNECTORS 


Miniature rectangular connectors, with 
closed entry contacts for heavy duty 
applications in electronic and aircraft 
equipment, feature stainless-steel chan- 
nels riveted to the long sides of plug 


and receptacle. Series 1900 has a 
double-lead thread action center 
screwlock assuring positive locking ac- 
tion of mating units. Closed entry 
socket contacts. Body material: glass 
filled diallyl phthalate (MIL-M-19833, 
Type GDI-30, green color). Choice of 
104 or 34 contacts available at present. 
For No. 16 AWG wire. Voltage break- 
down at sea level: 1800 volts rms, 
2°00 volts d-c. Current rating: 10 amp 
continuous. DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City 1, 
Nees >541 


METAL.-FILM RESISTORS 


Miniature resistors have good _ high- 
frequency and low 
noise levels. Type MF molded metal- 


film units are rated at 2, 1, %, 14 and 


characteristics 


METALLIC 
TAPES 


for 
INDUSTRY 


For recording, electronic com- 
puting and other applications 
where close tolerance, controlled 
surface (less than 10 micro- 
inches), burr-free slit edge and 
maximum continuous length are 
essential, SOMERS quality metal- 
lic tapes are a must. 


Currently being produced are 
Nickel, Copper and alloys in- 
cluding Monel, Inconel, Brass, 
Phosphor Bronze and Nickel 
Silver and Stainless Steel. 
Gauges range from .000175” to 
.010" and widths from Y%" to 
25” depending on thickness. 


Whatever your strip problem 
may be, you'll find satisfaction 
with SOMERS THIN STRIP. Write 
for confidential data blank or 
field engineer. 


oR EXACTING STAN DARDS ° 
t BSN IP 


Somers Brass Company, Inc. 
112 WATERBURY, CONN, 
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Naugatuck PAR 


The oil-resistant, ozone-resistant nitrile rubber 


COLOR THAT IDENTIFIES 
COLOR THAT SAYS “HERE 1! AM” 


COLOR THAT ADDS EYE APPEAL 


e lasting COLORS in rubber wire jackets 


A development of Naugatuck research 


makes it possible to combine in a vul- 
canized rubber wire jacket all these 
properties: 


@ Excellent resistance to ozone and 
outdoor “weathering” 


®@ Outstanding heat resistance 


@ High abrasion resistance 


Excellent oil, grease and chemical 
resistance 
Fast CV extrusion 
.. PLUS PERMANENT BRIGHT COLORS 
In addition to the suggested uses, you 
will think of dozens of other applications 
where wire jacketing with all these prop- 
erties can serve either an aesthetic or 
utilitarian purpose. 


One of Naugatuck’s technical repre- 
sentatives will be happy to discuss with 
any prospective user the formulation of 
the Paracril® Ozo compound which 
makes possible this combination of 
properties not only in wire jacketing 
but also in shoe soles, hose jackets, 
weather stripping and other vulcanized 
rubber products 


Naugatuck Chemical 


eS . Dept. 542P Elm Street 
Division of United States Rubber Company Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber + Plastics - Agricultural Chemicals + Reclaimed Rubber - Latices - CANADA: Naugatuck Chemicals Division, Dominion Rubber Co.. Ltd.. Elmira, Ontario - CABLE: Rubexport. HY, 
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NM Series 
(actual size) 


ADVANCE 
“NEOMITE” 


— smallest relay in the world... 
in transistor-size can. 
Use it where there’s no space left! 


Compact circuitry needs the Neomite — a subminiature relay less 
than .05 cubic inch in size, and weighing only .09 ounce. 


Reliable — recent tests have proven life of 1,000,000 operations 
minimum at rated load and 25°C. 


Sensitive — the Neomite operates on only 100 milliwatts power 
... Switches .25 — ampere loads. 


Rugged — relay withstands vibration of 10 G's to 500 cps. It's 
leak tested on RADIFLO equipment to insure long shelf life... 
produced to military standards under RIQAP program approval. 


Versatile — it can be used in printed circuits, or to switch dry 
circuitry. Neomites are offered in 5 resistance values: 50 ohms... 
200, 500, 1000, and 2000 ohms. Contact arrangement is SPDT. 
Several units can be used to provide a multiple-pole relay occupy- 
ing small space. 


Our Applications Engineering Dept. will be pleased to 
work with you on your special application problems 
and on supplying built-up packages of Neomites 

and other components. 


ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 


2435 N NAOMI ST. BURBANK, CALIFORNIA 
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14 watts and range m size trom 9/64 x 
13/32 to 34 x 214 in. Resistance range 
is 100 ohms to 4 megohms, depending 
on size. Temperature coefficient is 
+50 to +100 parts per million. Oper- 
ating temperature range is —55 to 
+150 C. Molded housing gives com- 
plete protection from moisture and salt 
spray. Dale Products, Inc., Box 136, 
Columbus, Neb. 542 


LIGHTED PUSHBUTTON 
SWITCH 


Switch incorporates four lamps, a 
SPDT subminiature switch, and switch 
actuator in one unit %-in. sq and fea- 
tures mechanical interlocking for mas- 
ter resetting or mutual cancellation. 


=F of Zi 


It mounts with or without barriers, or 
in matrix on %-in. centers. Lamps 
and color filter assembly are removable 
from the front of the panel. Switches 
and lamps may be interwired or ter- 
minated independently. Color filters 
available in combinations of any of 
six standard colors. Available with a 
variety of mounting methods and ter- 
minations. Switching element utilizes 
two SPDT non-simultaneous switches 
with alternate action (push-on, push- 
off) or positive-feel momentary action. 
For indicating duty only, the “Quad- 
lite” unit is supplied without switches. 
Electrosnap Corp., Switch Div., 4216 W. 
Lake St., Chicago 24, Ill. >543 


PRINTED-CIRCUIT 
TRANSFORMERS 


Series of miniature transformers for 
use with printed circuits in 5 standard 
case sizes from 0.56 in. sq by 0.60 in. 
in height up to 1.27 in. sq by 0.94 in. 
in height. These audio, power and ul- 
trasonic transformers and inductors are 
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PRINU SO TRE Ss ES that formerly 


required premium-priced materials can now be handled 


by Duraflex,° which costs no more than regular phosphor 
bronze. Write for literature and samples, today. 


on ON 


PROFESSIONAL ENGINEERS, MeMeEns 3457 WEIONER AVE 
AMERICAN SOCIETY FOR TESTING MATERIALS THE CARLSON 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS COMPANY OCEANSIDE. L. |... N. Y 


NATIONAL SOCIETY OF PROFESSIONAL ENGINEERS TELEPHONE. RO 4-61861 


August 1, 1958 


The American Brass Company 
414 Meadow Street 
Waterbury, Connecticut 


Gentlemen, 
SUMMARY OF ENGINBERING LABORATORY REPORT No. 8158 


SUBJECT; Fatigue Life and Endurance Limit testing of; 
"DURAFLEX" Superfine-Grain Phosphor Bronze and Commercial Quality 
Phosphor Bronze, 5% (A) spring quality strip material, 


SPRINGS; Flat spring strip was made into the usual type of contact springs 
used in switches, relays and instruments. These springs were THREE SPRINGS of regular Phosphor Bronze, 
deflected at about 1 cycle per second in a specially built fatigue 5% (A), actual.size, took a permanent set 
testing machine and the deflections recorded. at about 200,000 deflections and fractured 


STRESSES; The springs were deflected from the initial free position of sero at an average of 453,374 deflections, 
stress toa final position having a bending stress of 77,000 p.s.i. 


This stress, far phosphor bronze strip is unusually high and is 
higher than stresses ordinarily recommended for Beryllium-Copper 
or Stainless Steel for such severe service, 


Commercial Quality Phosphor Brmze, 5% (A) springs acquired a 
permanent set quite early and broke at an average number of 
deflections of 453,374. 


"DURAFLEX" springs were still satisfactory, showed no permnent set, 
no loss of load and no breakage at 4,000,000 deflections. 


CONCLUSION: Lesign stresses for "DURAFLEX" can be at least 50% higher than 
the stresses for Commercial Quality Phosphor Brame, 5% (A) as 
shown in the TOOL ENGINEERS HANDBOOK, 


Respectfully submitted, 


THE CARLSON COMPANY 


Haro « R. Carlson, P.E. 


Licensed Professional Engineer FOUR SPRINGS of Duraflex Superfine-Grain 


Phosphor Bronze, 5% (A) were still satis- 
factory after 4,000,000 deflections, 


| pegs available in Phosphor Bronzes (A), (C) and DU RAFLEX 

(D), in strip and wire, offers a host of opportunities to 

cut costs while maintaining or improving quality and per- SUPERFINE-GRAIN PHOSPHOR BRONZE 
formance. For further information and technical help to A product of 

select the alloy to meet your needs—call in your American 

Brass Company representative, or write: The American Brass 

Company, Waterbury 20, Conn. In Canada: Anaconda Amer- = 

ican Brass Ltd., New Toronto, Ont. 5938 Made by The American Brass Company 
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highly esteeme d trademark with 


ELLOS Mee eC ren 


CUSTOM 
CORD SETS 


FOR FORTY YEARS we've sp alized in the 
engineering and pr auctior 8 iI Chip cord 
for Blue Ch p electrical equipment and 
ances Let CORNISH macninery, men and 
methods alalle your fine products to serve better 


LONGER All our know-how at your service 


Without Obligation 


ADEQUATE 
WIRING BUREAU 


CORNISH WIRE CO., inc 


50 Church Street 


New York 7. NY 


REPRESENTATIVES 


@ ATLANTA BRIDGEPORT @ CHARLOTTE @ CHICAGO 

CLEVELAND @ DALLAS DENVER @ OETROIT @ KANSAS CITY 

@ LOS ANGELES @ MINNEAPOLIS @ PHILADELPHIA PITTSBURGH 

@ ROCHESTER @ ST. LOUIS @ SAN FRANCISCO @ SEATTLE @ WILLIAMSTOWN 
@ Stock carried 


Producers of Quality Wire Products for Home, Farm and Industry 


@ CINCINNATI 
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available for transistor or vacuum-tube 
circuitry. Meet MIL-T-27A Grade 5 
Class R or S Life X. Terminals and 
inserts are on standard 0.1 in. grid 
multiples and special designs can meet 
500 and 2000 cps vibration. Audio De- 
velopment Co., 2833 13th Ave. So., Min- 
neapolis 7, Minn. >544 


IMMERSION HEATERS 


Thermostatically controlled heaters for 
industrial heating equipment such as 
water and oil solutions in humidifiers, 
quench tanks, fuel oil preheaters, etc. 


have a sheathed heating element brazed 
into a plug and a built-in thermostat. 

Water heaters have a range of 80 
te 220 F. Oil heaters cover 150 to 
550 F. Two-inch headers are used on 
all units. Watts density for the water 
heaters is 55 watts psi of sheath 
surface. Density for the oil heaters is 
20 watts psi. Lengths range from 
15144 to 4534 in. General Electric Co.., 
Schenectady 5, N. Y. >545 


TYPE AN MOUNT RELAYS 
Hermetically sealed miniature aircraft- 
type 4PDT relays with temperature 
(200 C or higher), shock (50 g or 
more), and vibration resistances are 
available with A N-type connector 
mounting. Diamond H series RS relays 
may be used in automation control 
systems, ground and airborne com- 
puters, and jet engine controls. 
Standard contact ratings: 30 volts 
d-c; 115 volts a-c; 2, 5, 74% and 10 
amp resistive; 2 and 5 amp, inductive. 
(Continued on page 300) 
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Originality in design concepts... 


your job...and Centsalab’s 


Economical 
Versatile 
Reliable... 


MODEL 5 


RADIOHM® 


1/4 WATT 
MULTIPLE MINIATURE 
VARIABLE RESISTOR 


(Component Density: 16.2 per cu. in. }K 


The Model 5 is a new proven design concept, not merely 
an improvement of an existing component. This is typical 
of CENTRALAB’s approach to product design. It is avail- 
able with up to 4 variable and 9 fixed resistors on a single 
steatite plate measuring 244” x 34” x wy", including 
knobs . . . proportionally smaller when fewer variable 
resistors are required. This remarkable increase in com- 
ponent density is another CENTRALAB “‘first,’’ setting the 
example for the electronics industry. 


A WIDE RANGE OF MOUNTING STYLES AND TYPES 


Model 5 Radiohms® are available with horizontal or 
vertical mounting brackets, plug-in terminals for printed 
circuit boards or wire leads for metal chassis. 


SPECIFICATIONS 
Resistance Range: 1000 ohms to 5 megohms, linear taper 
Wattage Rating: '4 watt at 70°C. ambient 


Breakdown Voltage: 1250 volts RMS, between adjacent 
sections and to bracket 


End Resistance: Less than 1% of total 
Initial Torque: 2 inch ounces average 


Complete specifications and design data are given in 
CENTRALAB Bulletin EP-539; write for your copy today. 


Cubic inch, rather than cubic foot, is used 
to provide a more realistic and more readily 
visualized standard of comparision. 


A Division of Globe-Union Inc. 
96 E. KEEFE AVE, e MILWAUKEE 1, WIS. 
In Canada: 669 Bayview Ave., Toronto 17, Ont. 


VARIABLE RESISTORS © ELECTRONIC SWITCHES © PACKAGED ELECTRONIC CIRCUITS » CERAMIC CAPACITORS © ENGINEERED CERAMICS 
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Special ratings available. Coils: 1 to 50 
k ohms. Operating time of 24 volt 
models: 10 millisec or less, drop-out 
less than 3 millisec. Available with 
separately sealed coils. The Hart Man- 
ufacturing Co., 110 Bartholomew Ave., 
Hartford 1, Conn. >546 


DIRECT-READING COUNTER 


Mechanical counter that can operate 
continuously at 6000 rpm features a 
directly-geared second wheel which re- 


NCORPECTE A RECTED READING 


NOW - 48-56 Gauge Wire Coils | duces the wear usually resulting from 
built to YOUR specifications conventional transfer-pinion methods. 


Whatever your application—from hearing aids to missile sys- Counter provides instantaneously-cor- 


tems—Deluxe Coils’ new fine wire plant can supply the miniature rected direct-reading if the second 
coils you need . .. built to your specifications for precision and wheel is not fully within the window. 
SSSurney. | Resistant to corrosion, humidity and 
Deluxe Coils’ newest facility spans 15,000 sq. ft. It is air and vibration; has white 0.250 in. high 
sound conditioned and completely equipped to produce all types of 3 ae ce 
miniature fine wire coils, 40-47 gauge, ultra fine wire coils, 48-56 figures on black background; case ap- 
gauge, and components. prox 234 in. long x 2 in high x 1% 


Write for information on Deluxe Coils’ fine wire production | in, deep. Veeder-Root Inc., Hartford 2, 
capabilities—and how they can be put to work for you, right away. | Conn. > 547 


—e agli hiss aacltea lal etis Gt ee PRECISION HIGH-SPEED 
: | POTENTIOMETER 


Cirel 7 17 : ‘ . ‘ ‘ 
oe aay ee nee Continuous operation at relatively high 


temperatures is a feature of single- 
turn potentiometers with a new 
unitized all-metal stainless-steel con- 
tact arm which enables reliable per- 
formance and continuous operation at 
225 C. Coefficients of expansion are 
matched for all metal and insulating 
components; glass-to-metal seal termi- 
nals. High-temperature insulating ma- 


MIN. | terial throughout. 
TOL. The arm is dynamically balanced on 
| the shaft and the contact assembly is 
100— | —55°C —100 dynamically balanced on arm. Typical 
30KV | +85°C = PPM/C - | operating characteristics are: 5 million 
(Continued on page 304) 
001— | 600— | —55°C 02%} +800 
20MF | 20KV +70°C | 1KC | PPM 
001— }100—] —S5°C |.02% 
20MF |30KV | +200°C | 1KC 
0001—j 100— | —55°C +500 
20MF {60KV | +125°C PPM 
semenames 


ALSO MANUFACTURERS OF: 


LOW CURRENT 
POWER SUPPLIES 
2 KVDC—30 KVDC 


METALLIZED 
PAPER & MYLAR 
CAPACITORS 
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Gear assembly improved. A Waldes Truarc Series 5100 retaining ring in this anti- 
backlash gear assembly eliminates machining and staking operations, reduces hub size, 
and allows easy disassembly, after gears are cut as a unit, for faster, better deburring. 
Typical savings: $350.00 per 1000 units. 


Threaded retainers eliminated. !n this self-sealing coupling, costly internal and 
external threaded retainers were eliminated by easy-to-apply internal (Series 5000) and 
external (Series 5108) Truarc retaining rings. Savings per unit amounted to $4.02. 


End-cover design simplified. In this general-purpose pump, two Waldes Truarc, 
Series 5000, internal retaining rings make possible the elimination of two cover-plate 
castings (plus machining) and eight screws (plus drilling and tapping). Weight and dimen- 
sions are reduced and assembly and disassembly are greatly facilitated. Typical cost 
savings: $1.48 per unit. 


©1959 WALDES KOHINOOR, INC 


WALDES 


ue TRUARC 


RETAINING RINGS 


Waides Kohinoor inc., Long Isiand City 1, N.Y. 


TRUARC RETAINING RINGS.. 
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. THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASS 


Designing for 


axial assembly 
with Truarc 
retaining rings 


eliminates parts, machining, speeds 


assembly, simplifies maintenance 


The proper application of retaining rings on or 
in axial assemblies can often effect startling 
simplifications and economies in design when 
compared to corresponding designs with con- 
ventional fastening devices. A few typical ex- 
amples, using basic types of retaining rings, 
are shown in the accompanying drawings. 

Threading, tapping, drilling, facing and other 
costly, time-consuming operations can be 
eliminated. Retaining rings are already in wide 
use in a tremendous variety of equipment rang- 
ing from household products to high-precision 
military gear designed for use under the most 
severe environmental conditions. They are 
quickly and simply installed in easily cut grooves 
which can often be machined simultaneously 
with other operations. The rings can frequently 
replace bulkier, more costly fastening devices 
—such as nuts, screws, studs, threaded sleeves 
and retainers, cotter pins, set collars, rivets 
and machined shoulders. 

What's more, rings frequently make prac- 
tical designs which could be achieved with no 
other known fastening device. 

Although the ring types shown here are basic, 
Truarc retaining rings come in 50 functionally 
different types, as many as 97 different sizes 
within a type, 6 metal specifications and 13 
finishes. You'll find detailed descriptions of 
Truarc retaining rings and assembly tools, plus 
more than 70 typical applications in the new 
24-page catalogue RR10-58. Write for your copy 
today. 

And remember, Waldes engineers are always 
ready to help you solve your application prob 
lems— whether it involves one of the standard 
Truarc rings or a ‘‘special’’ to fit your particular 
requirements. Waldes Kohinoor, Inc., 47-16 
Austel Place, Long Island City 1, N. Y. o1 
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Meet Mr. Mu, the man from 
Magnetic Metals 


the superior 
levels of 


ELECTRICAL MANUFACTURING 





LAMINATIONS... 


magnetic laminations with highest 
permeability ever attained 


Performance of equipment can be no better than its components. Now you can design your 
product to tighter specifications . . . reduce its size . . . be positive of uniformity of its 
performance . .. with new Supermu laminations by Magnetic Metals. These laminations 
are carefully controlled and tested to meet your specific permeability ranges. They are 
produced from recently developed new alloys, mechanically and thermally processed to 
closer limits than ever before. 


Magnetic Metals Company produces these superior grade laminations 
under a rigid 4-point control program: 

e painstaking procurement and development in basic magnetic materials 
e production and maintenance of the finest precision tools and dies 

e superior annealing techniques that hold the process to an exact science 
e extensive testing that rates Supermu laminations to uniform grades 


When you specify Supermu laminations—a new development of Magnetic Metals... 
you’re sure of uniform permeability ratings to meet your design requirements. 
Write for complete details. 


agnetic 
etals 


transformer laminations « motor laminations *« tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


MAGNETIC METALS CONIPANY ©¢ Hayes Avenue at 21st Street, Camden 1, N. J. 
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NEW 
SMALLEST 24 


ROTARY 
SELECTOR 


light...only 3-1/2 oz. — small...only 1-3/8" x 2-29/32” 


These circuit selectors or stepping relays, model BD2, per- 
form dependable, remote switching jobs such as, stepping 
... counting . . . programming . . . circuit selecting . . 
sequencing ... and homing. 


check these features: Small and light . . . the four wafer selec- 
tor switch is only 1%” wide, 27%2” long and weighs only 3% 

oz. ... available with 1, 2, 3, or 4 switch wafers... 12 

positions with silver alloy contacts . . . 12 position floating 

ratchets . . . anti-overthrow latch . . . flange mounting 

. a choice of ratings from 3 to 300 volts D.C... . avail- 

able in hermetically sealed models . . . and designed to 

meet all applicable environmental tests of MIL-E-5272B. 


% 


immediate delivery from stock of standard model, 
part No. S-10019-004...3 pole, 12 throw switch- 
ing, 12 position, notch homing, self-interrupted, 28 
voits D.C., flange mounting 


Locte Bale. «+ for engineering and stock model 


information . .. Bulletins 55882 and 558ST2 


123 WEBSTER ST., DAYTON 2, OHIO 


Dee eee e ee eeeeeeeeeseeeeeeeeeeeseeee®s 


IN CANADA: Marslond Eng. Ltd., Kitchener, Ontario 
IN EUROPE: N.S.F. Ltd. 31-32, Alfred Place, London, England 
N.S.F. GmbH, Further Strasse 1010, Nurnberg, Germany 
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cycle life, 2000 cycle life at 30 g, 
rotational speeds to 3500 rpm, and 
linear or functional windings with 0.2 
per cent max standard linearity (0.1 
per cent max standard linearity for 
larger sizes). Kintronic, Div. of Chi- 
cago Aerial Industries, 10134 Pacific 
Ave., Franklin Park, Ill. >548 


THREAD-CUTTING SCREWS 

Screw with five cutting flutes (type 
F, center, illus.) cuts a machine screw 
thread as it is turned in and is suitable 
for making fastenings in castings, 


forgings, sheet metal, structural steel, 
plastics and resin-impregnated _ ply- 
wood. Type B-F, (left, illus.) com- 
bining the five thread-cutting flutes 
with coarse pitch, distributes cutting 
pressure, lets chips drop to the bottom 
of the hole, and prevents cracking of 
friable and brittle materials. 

Type L (right, illus.) for use in 
nylon, functions as combined thread- 
cutting and thread-forming screw, cut- 
ting small amount of the nylon to allow 
full-diameter threads to form. Can be 
removed and replaced without strip- 
ping or galling. Parker-Kalon Div., 
General American ‘Transportation 
Corp., Clifton, N. J. 549 


SELF-STEPPING 
CROSSBAR SCANNER 


Circuit scanner with optional remote 
dial control is basically a Type F 
crossbar switch with simplified drive 
circuitry for sequentially connecting a 
6 wire circuit with each of 100 sets 
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Creative Chemistry... 


Your Partner in Progress 


R 


20) EPOTUF 
EPOXY RESIN 


“It has been essential in development of our transistorized 
warning light’’— R. E. Dietz Company, Syracuse, N. Y. 


Since 1840 the Dietz Company has lighted America — 
with everything from kerosene lamps to auto 
headlights. In developing a new compact warning 
signal light, the company was faced with the problem 
of protecting the circuitry. They needed a 

material with strength, low potting 

temperature, waterproof and non-conducting 
properties. Reichhold EPOTUF Epoxy 

met every specification. For 

superior insulation of miniaturized 

components, investigate 

RCI EPOTUF Epoxy Resins — 

REICHHOLD CHEMICALS, INC., 

RCI Building, White Plains, N. Y. 


ie ey . AO ae seg 
SH f : ie aS aR 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 


Synthetic Resins * Chemical Colors * Industrial Adhesives * Phenol * Hydrochloric Acid * Formaldehyde * Glycerine « Phthalic Anhydride * Maleic Anhydride 
Sebacic Acid * Ortho-Phenylphenol * Sodium Sulfite * Pentaerythritol * Pentachlorophenol * Sodium Pentachlorophenate « Sulfuric Acid * Methanol 
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Send for your free copy of our new 20-page Facilities Report. 


REQUIRED 
PRECISION... 


and got it from 
CONSOLIDATED 


This 12” x 15” phenolic “Memory Frame” for IBM 
was plunger molded in one piece with 440 wire ter- 
minal inserts. Later, strung with copper wire con- 
taining a series of 8,000 ferrite magnetic cores, these 
frames are stacked one atop the other and wired 
together in conjunction with other components to 
give IBM’s 705 Data Processing System a ““memory”’ 
capacity of 40,000 characters. 

Dimensionally stable frames that would withstand 
dip soldering at extra high temperatures were a 
necessity. They could not bow or crack, nor could 
there be more than minimum after-shrinkage or ex- 
pansion once assembly was completed. 


For more than 80 years 
we have been filling exact- 
ing plastics orders for the 
nation’s blue chip com- 
panies. Before you discard 
any design you feel can’t 
be molded in a plastic, call 
Consolidated. 


CONSOLIDATED 
MOLDED 
PRODUCTS 
CORPORATION 


“Your Blueprint 
in Plastics” 
Since 1874 


346 Cherry St., Scranton 2, Penna 


of 6-wire terminals at speeds of up to 
50 sets per sec. Twin gold contacts 
with 30 gm min contact pressure per- 
mit scanning of low level signals. 
Model SC-4 unit is designed for fast, 
quiet operation. 

Applications are: thermocouple and 
strain gage scanning, automatic cir- 
cuit testing and selecting, diode and 
transistor testing, instrumentation, 
computer and data processing. Can 
scan sequentially and has facility for 
random access. Life: 20 million oper- 
ations per crosspoint without adjust- 
ment. Breakdown voltage: not less 
than 1500 volts a-c. James Cunning- 
ham, Son & Co., Inc., P. O. Box 516, 
Rochester 2, N. Y. >550 


PHOTOELECTRIC CONTROL 


Operating requirements of the tran- 
sistorized control are 10 ft-candles min 
light with 0.04 sec min dark time and 
0.04 sec min light time. Contacts are 
SPDT, silver-cadmium oxide, rated 8 


amp at 115 volts a-c, noninductive load. 

To exclude extraneous light, the 
sensing element is mounted behind a 
small opening in a shield which is 
located 2 in. back of the 34 in. diam 
neoprene-mounted lens. A cast-alumi- 
num case tapped for ¥% in. conduit 
with gasket seals provides protection 
for the Model BT1 unit. Available with 
a selection of light sources and with 
miniature remote sensing heads. Di- 
mensions less mounting bracket: 514 
in. high, 3 15/16 in. wide and 3 9/16 in. 
deep. Autotron, Inc., Box 722 F, Dan- 
ville, Il. >551 


LOW-LEVEL D-C AMPLIFIER 


Completely transistorized chopper am- 
plifier, for use with devices measuring 
low-level phenomena such as_ thermo- 
couples and strain gages, requires less 
than 2 watts. Signal multiplexing may 
be done at the amplifier input. 

The Model EM-2000A amplifiers oc- 
cupy 27 cu in., weight 12 oz, and have 
a frequency response down 3 db 
at 2000 cps. Temperature measured 
down to —95 C with iron constantan, 
and —122 C with Chromel-Alumel 
thermocouples. Compatible with strain 
gage transducers. Input sensitivity, 0 to 
5 my, +214 my, zero adjustable over 
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f Three-stage gearmotor 
. incorporates special 
; wet brackets, reversing switch 


and connecting cord 
for pipe threader. 


Differential planetary gear train allows 
for unusually compact design in miniature 
gearmotor for business machines. 


Six-pole 400 cycle AC gearmotor 
for operating tap-changing switch. 


For Your Power-Driven Products 


Lamb Electric gearmotors designed to functionally match your 
product, provide the important requirements of: 


e low speed e high torque 

© compactness dependability 

e low weight e favorable cost 
© improved product appearance 


Our manufacturing facilities enable us to build the complete range 
of sizes and types of hobbed and shaped gears for use with 


fractional horsepower motors, 
Single-stage worm gearmotor. Rolled thread 


on output shaft actuates traveling nut, Many years of specialized experience in this field, combined with 


the finest gear cutting and testing equipment, assure unexcelled 
performance in Lamb Electric gearmotors. 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


NEW! THE LAMB ELECTRIC COMPANY « KENT, OHIO 


8-page Folder de- 
scribes these and 
other Lamb motors. 
Send for your copy. 


tractionat worserower MOTORS 
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SEE ae 


TELEPHONE 
HANDSETS 


... for your voice communication needs. 


These “push-to-talk” handsets are of 
the most modern design available. 

If your applications are in ¢ mo- 
bile radio * intercom systems ¢ car- 
rier and microwave ¢ aircraft and 
railroad specify Stromberg-Carl- 
son handsets. 

No. 26: short, lightweight, sturdy. 
Comes with capsule-type receiver 
and transmitter. 

No. 28: “push-to-talk” handset. 
Rocker-bar switch; various spring 
combinations. 

Both models available with stand- 
ard or high-gain transmitters and re- 
ceivers. Superior to any other hand- 
set on the market. 


Modern handset cradle 
for mobile or panel use 


Holds handset 
firmly; is strong 
and resilient; fits 
any Stromberg 
Carlson handset. 
Switch combina- 
tions with two or 
four Form C con- 
tacts. Space for your company name 
is provided. Send for Handset Bul- 
letin T-5005 and Cradle Bulletin 
T-5013. Write: 


STROMBERG-CARLSON 


Telecommunication Industrial Sales 
117 Carison Rd. * Rochester 3,N.Y sa: 
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2.5 volt output range; linearity, +0.5 
per cent from best straight line; gain 
stability, +-1 per cent full scale; float- 
ing input and output; gain, 1000. 
Gulton Industries, Inc., 212 Durham 
Ave., Metuchen, N. J. > 552 


WHITE WIRING DUCT 


To match the white interiors of JIC 
control panels, “Panducts” are made 
of white polyvinyl chloride. Grey is 


also available. Nineteen sizes from 
1% x VY to 3 x 4 in. and open slot, 
closed slot, and wire hole designs. 
Length: 5, 6 or 7 ft. Panduit Corp., 
14461 Waverly Avenue, Midlothian, 
Hl. >553 


MINIATURE SELENIUM 
RECTIFIERS 


Completely potted rectifiers, for use 
in half-wave, full-wave, single or three- 
phase rectifier circuits (Series ABC), 
are available in a range of voltages 
and currents. Type ABA, for example, 
a 130-volt rms, 20-ma_ rectifier (a 
3<-in. cube) rated with a resistive or 
inductive load, is suited for recharge- 
able battery-operated appliances. Ter- 
minal arrangements are available for 
Suitable for 
printed circuit boards. Radio Receptor 
Company, Inc., Semiconductor Div.. 
240 Wythe Avenue, Brooklyn 11, New 
York. >554 


various applications. 


ELECTROHY DRAULIC 
SERVO VALVE 


Closed loop servo valve Model A27 is 
available to meet the requirements of 
high reliability and fast response re- 
quired in the fluid power drives of 


electric 
motion 
contro/ 


FACTS 
for 


IDEA 
MEN 


electric clutches actuate 
missile-firing timer 


Here’s an idea for an automatic coupling 
that may help solve some of your motion 
control problems. 

The trick was to design an air-to-air missile- 
firing timer to fit in the wing of an all-weather 
interceptor, keeping it lightweight, simple, 
and maintenance-free. Clutches would have 
to function at temperatures from —67° F to 
-+-275° F—a 342° spread. 


Electric clutch-couplings 


Collector 
ring 


The firing sequence timer, powered by a 
0.1 oz in. rated, 12,000 rpm motor, uses 
three separate timing cams driven at dif- 
ferent speeds. Warner stationary-field clutches 
(less than 1” in diameter) provide a simple, 
compact device for coupling the cams to 
their input shafts. This lets the motor and 
input shafts run continuously. Transfer of 
shaft rotation to the timing cams by elec- 
tromagnetic engagement of the armature and 
rotor simplifies the problem of remote control 

Temperature extremes are no 
problem. Simple design, posi- 
tive no-slip engagement, and 
fast heat dissipation avoid the 
need for special cooling or lubri- 
cation. Stationary-field design tan 
and low current actuation rule out arcing at 
cold temperatures or high altitudes. 

Simplicity of electric clutches is a major 
factor in reliability. All wear is on the easy- 
to-replace rotor and armature. No wear ad- 
justments are necessary. Clutches maintain 
precise air gaps and clearances, withstanding 
repeated impacting caused by rotation of the 
cafriage and motion of the plane. 


WANT MORE IDEAS? Whether your prob- 
lem is speed control, automatic indexing, 
fast cycling, or tension control, Warner can 
furnish factual case histories showing results 
you can expect from electric brakes and 
clutches. Write today. 


ll 


aba 
nd 


Warner Electric Brake & Clutch Co. 


Beloit, Wisconsin 


ELECTRIC BRAKES 
AND CLUTCHES 
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Reducing total installed costs is no heads or tails affair with the AMP electrical/electronic 
circuit terminating method. There’s no clutter or extra material, no temperature problems, multi-step 
assembly or snarled-up inventory mess. The AMP method is simplicity itself—just the terminal and 
the tool that go together like the two sides of a coin—never one without the other. 
Production rates with A-MP tools are astonishing—up to 4,000 finished wire terminations an hour, 
with but one A-MP automachine and one operator. As for precision, no other wire terminating 
method can match the assured uniformity and reliability of the A-MP terminal and tooling team—a team 
that turns out an endless parade of unexcelled terminations... all as identical as newly minted 
coins. There are no doubtful attachments, no hidden defects to slip by your inspection department. 
Speed, simplicity, uniform reliability—this means a lower installed cost per electrical circuit termination 
over all other methods. Nothing is left to chance with the AMP Cost Saving Method. You can bank on it. 


* 


=) SS wu (my rit 


Send for our new Cost Saving Brochure. 


7 AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada + England + France + Holland «+ Japan 
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numerical and template-controlled ma- 
chine tools. With rated flow of 6 gpm, 
it is applicable to any electrohydraulic 
servo control system operating up to 
3000 psi and requiring high perform- 
ance. Bendix Aviation Corp., Hamil- 
ton, Ohio. >555 


| PRINTED-CIRCUIT JACK 


AHO LS | | Miniature jack mounts flat against 
| printed-circuit board. SKT-103 PC has 
metal a double-prong steel strap in front, con- 


Ce] 


... precision 
iE) 


nection lug at rear and mounts in a 
three-hole grid coordinate triangle lay- 
| out. Dip-soldered from underside of 
board. Takes 0.080 in. probe in self- 
aligning Teflon hole. Contacts, heat- 
treated Beryllium 25. Sealectro Corp., 
610 Fayette Avenue, Mamaroneck, 
MX. > 556 


... for exact control of 
WINDING COMPENSATED 
WHEE am Tle RESOLVERS 


The miniature Size 8 resolvers for 26- 
volt, 400-cycle input signals are smaller 
and lighter than their: Size 11 counter- 
parts, but retain the accuracy and 
reliability of the heavier units. The 


The vital df Is f | Licati is bei t resolvers are also available in high 
e vital need for uncommon new metals for nuclear applications is being me i ia Seeieioen: Getee onl tates 


today by Precision Metals Division of Hamilton Watch Company. Now, even re- are two-phase. Weight, 1.2 oz; frame 
active and refractory metals such as Hafnium, Zircaloy, Tantalum, Columbium am, 0.750 in.; max frame length, 
and Titanium can be obtained in any form—from ingot to ultra-thin strip and foil L261 in. The slip ring and wiper 


tri assembly is designed to withstand 
—in production quantities. shock loads up to 45 g at 2000 cps. 
The newly expanded and completely integrated facilities of Precision Metals E ial ae Pos aaa ~ 
ca b : a ; ‘ Avanlliabie tor trequencies trom o 0 
Division are geared to produce ultra-thin strip and foil in any quantity and in a 5000 cps. May be used as position-angle 


wide range of alloys, with these special advantages: sensors, electrical phase shifters, and 


. ” ‘ other functional elements. Null voltage 
thicknesses from .010” to 0001” controlled metallurgical properties not over 1 mv per volt outpet. Max 
extremely close tolerances excellent surface characteristics 
dimensional uniformity 


For special requirements in development or of0 
production, Precision Metals can also furnish OgO pri cision 
special alloys to your own specifications in the — 
form you need. Write today for fully illustrated 

facilities booklet EM-5. 


FLA N7I/LTO/V 


WATCH COMPAY y/ Precision Metals Division 
Lancaster, Pennsylvania 
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DAPON® 
(DIALLYL 
PHTHALATE) 
RESIN 
FOR 
SUPERIOR 
ELECTRICALS 


aA 


DAPON® resin (diallyl phthalate prepolymer), a preferred 
and frequently the only acceptable material in military and FMC manufactures the basic DAPON resin only 
space technology applications, is equally well suited toa and does not supply finished molding compounds. 
wide range of industrial uses. Molded DAPON resin parts DAPON resin aula compounds are aie from: 
are widely used today by the leading companies in the elec- 

ACME RESIN CORPORATION 


tronics industry. o4ns Gieiie diene . ne 
Forest Park, Illinois 


Electrical parts molded with DAPON resin are unexcelled 
for retention of dielectric strength, insulation resistance and DUREZ PLASTICS DIVISION Durex Oletiyt Pathatete 
arc resistance even under conditions of high humidity and Hooker Chemical Corp. Molding Compounds 
elevated temperatures. DAPON resin’s unusual stability Hert Vensuende, ©. ¥. 
eliminates breakdown and attendant corrosion of metallic MESA PLASTICS COMPANY Diall® (Dially! Phthalate) 
electronic components. And the exceptional dimensional 11751 Mississippi Avenue Molding Compounds 
stability of DAPON resin permits molding of complex parts Los Angeles, California Diall® (Dially! Isophthalate) 
‘ . . . Molding Compounds 
with multiple inserts as well as close tolerances without 
machining. For use at higher temperatures another form of ROGERS CORPORATION Rogers Dially! Phthalate 
DAPON, named DAPON M resin (diallyl isophthalate pre- Rogers, Connecticut Molding Compounds 
polymer), is also available. 


For complete information about DAPON resin’s outstanding electrical properties and 


how it can help solve your problems, write to FMC Chemicals and Plastics Division. 


Putting ldeas to Work 
FOOD MACHINERY AND CHEMICAL CORPORATION 


Chemicals and Plastics Division 
161 EAST 42ND STREET, NEW YORK 17,N. Y. 


FOOD MACHINERY 
Ce 
faer) 
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This was Nippert’s 


SMALLEST OF SMALL 


COMMUTATORS... 


and NOW we’re making them 


even smaller... @ 


MINIMUM RECOMMENDED DIMENSIONAL STANDARDS AND LIMITATIONS 


I eT 
] 
1/64" to 1/32” 1/64" to 1/32" | 1 


1/64” to 1/32” 1/64” to 1/32” 
1/64” to 1/32” 1/64” to 1/32” 


Bars — Hard drawn copper or copper alloy 
Maximum number of segments — 3 thru 18 


MAX. TEST 


Bar to bar 110 volts 


Bar to ground 550 volts 
Maximum skew 010 
R.P.M 45,000 


J denotes Nippert machined surfaces 


The newest, and smallest, of 
Nippert’s tiny but tough commu- 
tators finishes at %\«" diameter on 
the armature. This fabricated 
sub-miniature with machined 
dovetails is another example of 
Nippert craftsmanship in copper, 
steel and mica. 


015 MICA 
(TYPICAL) 


1/64" 
1/64" 


359 


312 
RECOMMENDED 
MIN ON 
ARMATURE 


BROACH SIZE (.1000 1010 BROACH 
0990 MIN. TO AVAILABLE) 
1030 MAX 


FURNISHED DRILLED OR REAMED 
FROM .078 TO .103 


Nippert commutators are pro- 
duced in sizes up to 4”. Our 
exclusive production techniques 
and custom machines make it 
possible to supply precision- 
built commutators to your speci- 
fications efficiently and econom- 
ically in any quantity. 


Send us your application specifications today—or write for information. 


COMMUTATORS 


COMMUTATOR 
COPPER AND OTHER 
DRAWN COPPER SHAPES 


SLIP RINGS 


ELECTRIC PRODUCTS CO. 


1759 W. Mound St. * BRoadway 4-1116 
Columbus 23, Ohio 
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fractional error: 0.1 per cent. Ameri- 
can Electronics, Inc., Instrument Div., 
9503 W. Jefferson Blvd., Culver City, 
Calif. ->557 


POWER TRANSISTORS 


High-voltage, high-current germanium 
p-n-p transistors for heavy-duty appli- 
cations including power switching, d-c 
to d-c conversion, voltage regulation, 


wel 
an a 


power supply, relay actuation and a-f 
oscillator alloy-junction 
types. 

The 2N561 and 2N1014 have a peak 
collector rating of —-10 amp max. The 
2N1014 has peak collector-to-base rat- 
ing of —100 volts max and peak col- 
lector-to-emitter rating of —65 volts 
max with base open. The 2N561 has 
slightly lower max peak collector-to- 
base and collector-to-emitter voltage 
ratings. Radio Corporation of Amer- 
ica, Semiconductor Div., Somerville, 


Ne > 558 


service are 


SELF-CLINCHING STUDS 
AND INSERTS 


Flush-mounting captive stud for instal- 
lation in panels of cold-rolled steel, 
brass, copper, aluminum alloys, and 
similar materials of thicknesses from 
0.040 in. is dropped into punched or 
drilled holes and then squeezed into 
place with standard pneumatic, hy- 
draulic, or mechanical presses. In steel 
or No. 305 stainless, thread sizes No. 
4-40 to %4,-18; lengths, 4% to 14% in. 

Tapped nut-like insert provides a 
flush mounting area on both sides of 
the sheet in which it is applied. Hex- 
shaped insert is installed in the same 
manner as the captive stud. In No. 303 


SERS EEEEE. 
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Industrial Laminates 


Pg hiatal 


from General Electric—the company that stands for 
reliability in the electrical and electronics industry 


SELF-EXTINGUISHING G-11 EPOXY-GLASS LAMINATE 
RETAINS HIGH FLEXURAL STRENGTH AT 150°C. 


New high-temperature transparent General Electric Textolite” 11559 
has exceptional mechanical and electrical properties . . . developed 
especially for computer and military electronic printed circuits 


High insulation resistance and flexural strength even at 
150°C.—that’s what you get with new General Electric 
Textolite Grade 11559 epoxy-glass electrical laminate. 
Self-extinguishing 11559 exceeds NEMA G-11 require- 
ments and Specification MIL-P-18177, Type GEB. 
Here’s how Grade 11559 performs: 


¢ Insulation resistance: 20,000,000 megohms at 50°C.; 
500,000 megohms at 165°C. 


e Flexural strength: retains 65% of room temperature 
strength at 150°C. 


¢ High peel strength: 9 lbs. /in. for 1 oz. copper-clad; no 
blistering after 30 seconds in molten solder at 500°F. 


The base laminate withstands the effects of concen- 
trated nitric acid and all conventional etching and 
plating solutions. In addition, 11559 is the only G-11 
laminate that is self-extinguishing—has approximately 
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2-second flame-out time. Textolite Grade 11559 is 
available unclad or clad with 1 or 2 oz. copper. 


Consult Sweet’s Product Design File, Cat. 2b/Gen., for 
technical information on the complete line of Textolite 
laminates. Or for a brochure showing test data on Grade 
11559—or engineering assistance for special problems— 
call or write: Technical Service, Laminated Products 
Dept., General Electric Company, Coshocton, Ohio. 


Textolite 


INDUSTRIAL LAMINATES 


GENERAL @ ELECTRIC 


Live Better Electrically—Electricity Builds Jobs 
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Pig tis Lili: 
PRECISION 
PRODUCT 


y TV 


Thermo-Circuit 
Breaker 


A Product of 

The Muter Company 

1255 South Michigan Ave. 
Chicago 5, Illinois 


Since 1955, over 1,500,000 television set owners have been made 
happier and economically more secure by The Muter Company— 
happier because the TV Thermo-Circuit Breaker protects their sets 
and their homes against damage or destruction and wealthier 
because the costly calls of the TV service men have been vastly 
reduced. Because surge currents or a short circuit can overload set 
components causing them to be damaged, destroyed or dangerous, 
the Muter breaker opens the circuit. When the reset button is 
pushed, the set operates again unless the same condition exists. 
The unique “‘snap action” prevents the breaker from resetting itself. 
The breaker can be adjusted to meet the load and overload con- 
ditions of specific models. Once again, the actuating element in 
this fine protective device is Chace Thermostatic Bimetal. 


it is a fine testimonial to the efficiency and reliability of precision 
Chace Thermostatic Bimetal when millions of people install, right in 
the middle of their expensive homes, electronic monsters packed 
with enough tubes and circuits to set off a dozen fires a day and 
their only concern is the quality of the picture. Progressive manu- 
facturers of all types of temperature actuated equipment, knowing 
Chace’s third-of-a-century in the development and manufacturing 
of precision bimetal, foster this feeling of security enjoyed by their 
customers by installing protective devices built around Chace’s 
famous product. And Chace in turn reciprocates by devoting its 
skills and talents to producing the combination of alloys which will 
do the job better, longer and at lower cost. 


Chace Thermostatic Bimetal is available in coil, strip and in com- 
pletely fabricated and assembled elements of your design. For a 
thorough indoctrination in the subject and engineering and design 
data second only to our consulting service, send for our booklet 
“Successful Applications of Chace Themostatic Bimetal.’’ 


W. M. CHACE CO. 
Thermostatic Bimelal 


1608 BEARD AVE., DETROIT 9, MICH. 
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stainless steel; thread sizes from No. 
2-56 to 10-32; for use in sheet mate- 
rials from 0.061 in. thick and up. Penn 
Engineering & Mfg. Corp., Doyles- 
town, Pa. >559 


MINIATURE ROTARY SWITCH 


Totally enclosed multi-wafer selector 
switch for airborne applications has 
molded alkyd and aluminum parts that 


resist the effects of salt spray, humidity 
and dust. Meets MIL-S-6807A. The 1 
in. diam switch has up to 10 live posi- 
tions (36 index). Make and break: 5 
amp at 115 volts a-c, 3 amp at 28 volts 
d-c. Life: 10,000 double cycles at rated 
amperage with potential drop under 
100 mv. Janco Corp., 3111 Winona Ave.. 
Burbank, Calif. >560 


SELENIUM RECTIFIER 


Miniature selenium rectifier (Series 
SP7K) is designed to conform to MIL 
environmental specifications over a 
temperature range to 125 C, also to 
MIL shock and vibration specifications. 


Case length %% in. for 10 to 30 volt 
units and 17/32 in. for 40 to 80 volts, 
with 114 in. leads. Peak inverse volt- 
age: from 37 to 296 at 1 ma, with 
0.200 ma reverse leakage at 25 C 
ambient. Nylon seal is used to resist 
humidity, salt spray, and fungus 
growth. Spring loading design main- 
tains constant contact pressure. Brad- 
ley Semiconductor Corp., 275 Welton 
St., New Haven 11, Conn. >561 


PHOTOELECTRIC RELAY 
ACCESSORIES 


Miniature light source MEK-5590-AA 
for MEK-5500 Series photoelectric re- 
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tough tests for incoming material 


Bo >> on 
PU 


finest alloy resistance wire 


Bolte 

' RESISTOR 
YOU CAN 
STAKE YOUR 
REPUTATION ON 


specially selected ceramic core materials 


our own VITROHM enamel, first coat ...and final coat 


Built-in VITROHM reliability, from core to final vitreous 
enamel, lets you solder these resistors in and forget ’em 


They come in a tremendous variety of 
sizes, shapes and ratings, but all Ward 
Leonard VITROHM resistors have one 
thing in common: They’re built for 
maximum reliability. 

Take just one point—ceramic cores, 
for example: Made by Ward Leonard 
to exacting specs, the cores feature 
low-porosity, high-dielectric-strength 
ceramic for maximum moisture exclu- 
sion and good electrical insulation. 
What’s more, the thermal coefficient 
of linear expansion of ceramic is spe- 
cially selected to make the core com- 
patible with resistance wire, enamel 
and terminals... to prevent cracking, 
crazing, peeling, or layer separation. 
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And there’s thesame meticulous care 
with all the other elements that go to 
make up a finished VITROHM resistor: 
terminals, spot welded or brazed junc- 
tions, resistance wire, and last but not 
least, W/L VITROHM enamel, formu- 
lated and manufactured in our own 
modern enamel smelting plant... pro- 
vides complete electrical and mechani- 
cal protection. 

To insure reliability in your product 
... specify VITROHM’s. Write for data 
packed catalog #15, and list of stock- 
ing Electronic Distributors: Ward 
Leonard Electric Co., 34 South Street, 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada Ltd., Toronto.) 0.4 
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WARD 
LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


Be | 


LIVE BETTER.. E/ectrically 


FR crulO- EE rgircored Contiols Since (892 
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RESISTORS : RHEOSTATS} RELAYS CONTROLS} DIMMERS 





You can develop NEW PRODUCTS | 
for your company to make 
and sell using Durakool’s 
steel-bodied ‘’Nude’’ 
mercury tilt-switches 


. ; ‘ 
Basic uninsulated switches now 
available to designers and manv- | 
facturers of wiring harness assem- 
blies. 

Prices from 8% cents each. 


Capacities: 1 to 65 amperes: 6 to 
460 volts. 


Ideal for DC loads. 


Sizes from .366” to .975” in di- 
ameter; .600” to 3.44” in length. | 


Write for bulletin D-49 and price sheet 1053 


WTEC) 


ALL STEEL MERCURY SWITCHES 


DURAKOOL, INC. 
ELKHART, INDIANA) 


1969 AVENUE RD.. TORONTO ONTARIO | 

301 FIFTH AVE. SO., MINNEAPOLIS, MINN. 

4747 BRONX BLVD.. NEW YORK 70; N. Y. 
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4027 


NOW A TWO-PART EPOXY MIXTURE 
FOR IMPREGNATING AND MOLDING 
ALL ELECTRICAL WINDINGS 


| 
| 
| 


Now—an epoxy mixture, formerly in three parts, now 
comes complete to mix and use in TWO PARTS. Nothing 
else to buy! 

This remarkable mixture, designated as Acme Star 
Compound 4027, is immediately self-extinguishing on 
molded units, even after repeated exposure to flame! 
Cures hard and tough. Has excellent mechanical and 
thermal shock resistance. Viscosity low enough for 
thorough impregnation at process temperatures. Very 
good adhesion to metals and other materials used in coil 
construction. For Data Sheets write us attention G. F. 
Garrity, Divisional Sales Manager. 


THE ACME WIRE COMPANY 


NEW HAVEN, CONN. 
MAGNET WIRE @ COILS © VARNISHED INSULATIONS Mh 





INSULATING VARNISHES AND COMPOUNDS “ormer™ 
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lays, supplied with 6-ft cable, gives a 
small spot of light. Lamp life, 4500 
hrs at 2 volts. 

Also for use with the MEK-5500 
Series relays are the MEK-5580-AA 
miniature side view and MEK-5585-AA 
miniature end view phototube holders. 
Holders have 6-ft cable terminated in 
neoprene gasketed plug. Mounting 
bracket included. Machinery Electrifi- 
cation, Inc., 56 Hudson St., Northboro, 
Mass. > 562 


UNIVERSAL LOGIC SWITCH 
Magnetic amplifier serves as an AND 
OR or NOT gate, or as a_ bi-stable 
memory device. PMC-785 logic type 
unit for pressure and temperature de- 
tection and control, infra-red detection, 
automation, servomechanisms and com- 
puter systems replaces three relays in 
logical switching applications. 

Device has three input control wind- 
ings, one bias and two gate; operates 
from 70-volt center-capped transformer 
on 115-volt, 400-cycle line. Response: 
2% millisec. Other logic-type units 
available. Pacific Magnetic Corp., Elec- 
tronic Center, Romoland, Calif. —>563 


PRINTED-CIRCUIT 
POTENTIOMETERS 


Series 315 printed-circuit “Squaretrim” 
subminiature trimming potentiometers, 
featuring max density packaging, can 
be stacked side by side on printed cir- 
cuit board in areas of only 0.114 sq 
in per unit and may be stacked with 
brackets and inserted simultaneously. 
Increased length of winding provides 
up to twice the resolution of other 
trimmer designs and _friction-loading 
technique locks wiper in place after 
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Grant Slides have been the pattern for all slide designs. While Grant is flattered, it is important to point 
out to designers and engineers that Grant research, design and sales engineering have been and are 
the factors that place the nation’s leading industrial manufacturers on our list of customers. 

If you require imaginative assistance in determining the proper slide for your equipment — or, if you'd 
simply like to discuss the possibilities for slides in your units, Grant sales engineers are at your service 
— as they have been ever since the first industrial slide (a Grant slide!) was marketed. 


The nation's first and leading manufacturer of slides 


GRANT INDUSTRIAL SLIDES 


119 High Street, West Nyack, New York 


GRANT PULLEY AND HARDWARE CORPORATION 944 Long Beach Avenue, Los Angeles £1, Cal. 
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every adjustment. Cased in machined 
aluminum for heat dissipation and 
strength. Daystrom Pacific, Potenti- 
ometer Div., 9320 Lincoln Blvd., Los 
Angeles 45, Calif. ->564 


ZENER REGULATOR DIODES 


Silicon components may be used as 
power-supply voltage regulators, meter 
protectors, go-no-go indicators, clip- 
pers, bias controls, filament voltage 


for dependable, static, economical, 


high gain, microseconds switching of peak power 


controls and voltage references. Diodes 


: are available in four nominal basic 
XENON THYRATRONS excel power ratings: Series B, 750 mw; Se- 
ries T, 1 watt; Series G, 3.5 watts; 

and Series K, 10 watts; the first two 

in an axial pigtail top-hat package and 

the higher power devices in 10-32 stud- 

mounted cases. Zener breakdown volt- 

age: 3.6 to 30 volts in each power 

rating. Components Div., International 

Telephone and Telegraph Corp., 100 

Kingsland Rd., Clifton, N. J. —>565 


RELAY DUST COVER 


The snap-on, spring-detent retained 
cover now available for the manufac- 
turer’s Q-type relay can be removed 
and replaced instantly. It provides pro- 


tection from dust and foreign matter 
and eliminates chance of mechanical 
damage. Dimensions: 1.250 x 1.750 x 
2.000 in. high. Globe Electrical Mfg. 
Co., 1729 W. 134th Street, Gardena, 
Calif. >566 


APPLIANCE TIMER SWITCH 


Pushbutton timer automatically sets up 
any of 24 different cycles for appliance 
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teary 
FTIMER 


These new developments are just two recent 
items added to our ever growing line of indus- 
trial timing devices which now exceeds 1,700 
controls. If you would like more information 
about the line, drop us a note requesting our 


general catalogue. 


Timers that Control 


ia) 
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Pulse Beat Zi Industry 


NEW! ncn 


THERMAL TIME DELAY SWITCH 


10-20 Amp. Capacity— SNAP ACTION 


The new Series TH Timer makes accurate switching con- 
trol of high current applications practical and economical 
for the first time! No more bulky, costly thermal switch 
and relay combinations ...no more teasing of load 
contacts in electro-mechanical circuits from slow make- 
and-break. The new Series TH Timer’s SNAP ACTION 
contacts give fast, positive switching of loads up to 
20 amperes. 

There’s a wide choice of contacts, too: SPDT, DPDT, 
Double Break, Magnetic Blowout DC and others to 
match your needs. 

This new, compact timer automatically compensates for 
ambient temperature changes, by using two parallel bi- 
metal strips. Longer life comes from the rugged, totally 
enclosed cast ceramic heater. And you can adjust your 
time cycle easily with a single screw. 

Available in time cycles from 2 seconds to 5 minutes, 
the new Series TH Timers are the low-cost answer to 
switching in air conditioning, refrigeration, exhaust and 
heater controls, computers, lighting, and a host of other 
applications. 

For complete information, write today for Bulletin #900. 


EW! anes 


PUNCHED CARD PROGRAMMER 


Direct Control from Programmer to Process! 


Here’s the simple, dependable method of applying true 
automatic control to most of your manufacturing and 
operational processes . . . direct control of up to 85 indi- 
vidual load circuits through as many as 30 separate 
functions . . . with permanent, convenient 5” x 9” Mylar* 
punched cards. 

Operation from any switch closure makes this electro- 
mechanical card reader easily adaptable to a variety of 
control systems, including analog, digital, temperature, 
feed-back, photoelectric, time and many others. Already 
in use for a wide variety of industrial and military appli- 
cations, these flexible units are easily modified to meet 
your particular requirement. 

For more information, write for Bulletin #100. 


AFFILIATE—LINE ELECTRIC COMPANY *Reg. T.M. du Pont 


INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4, N J 
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SMOKING COLD 


This transformer cast with a HYSOL 6700 series, one-component 
epoxy, has just been removed from a cold box set at minus 60°C. 


IT IS SMOKING COLD! 


The purpose of the test — to determine if the coating could be 
destroyed by ultra-severe thermal shocking (—60°C to -++-150°C). The 
result, after repeated cycles exceeding the requirements of MIL-T-27A, 
Class $, THERE WERE NO CRACKS or sign of breakdown. 


IMPORTANT ADVANTAGES OF THIS NEW HYSOL SERIES 
ONE-COMPONENT, NO WEIGHING OR MIXING 


4 DECREES OF FLEXIBILITY 
WILL OPERATE OVER 2000 HOURS AT 150°C 


CURE TEMPERATURES ARE MODERATE AND SO IS PRICE 


If you are casting epoxys, it will pay you to investigate the 
HYSOL 6700 series. Write for descriptive literature. 


HOUGHTON LABORATORIES INC. 
OLEAN, NEW YORK 


HYSOL of California HYSOL (Canada) Ltd. 
So El Monte, TORONTO, 
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operation. May be used in home laun- 
dries or dryers, vending machines, 
and other automatic-sequence-controlled 
products. Readily modified to give 
range of physical configurations, Sin- 
gle-panel mounting of all switching 
contacts makes parts readily accessible 
for wiring and servicing. Terminal 
hoard can be located on any of three 
sides of switch to fit individual ap- 
plications. Sub-interval switching may 
be incorporated. Manual cycle advance 
and visual cycle indication can be sup- 
plied. Four-second programming. Posi- 
tive program selection terminates at 
mechanical stop. Reciprocating escape- 
ment drive. Electronic Timers Corp., 


Warsaw, N. Y. ~>567 


FEED-THROUGH CAPACITOR 

Microminiature feed-through capacitor 
designed for printed circuits is thermal- 
shockproofed to resist damage caused 
by high temperature solder dipping. 


Only 0.590 in. long, with a mounting 
diam of 0.155 in., it has a high degree 
of stability over a full temperature 
range from —67 to +300 F, is avail 
able in ratings up to 2200 wef and is 
potted in an inert epoxy medium inside 
a tinned brass shell. Telecomputing 
Corp., 915 No. Citrus Ave., Los Angeles 
38, Calif. >568 


SUBMINIATURE TERMINAL 
BLOCKS 


Molded phenolic terminal blocks °44 in. 
wide in various styles and lengths fit 
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aMPANY. AMPERITE 
mei ae PREFERRED 


FOR ECONOMICAL 


PRODUCTION — BRYCE eee ar a a 


SPECIALISTS IN ALUMINUM PERMANENT MOLD | BU ee ee 
ee eee Seated 


© Good design combined with well 
cast, economically produced aluminum 
permanent mold castings are the keys to 


volume sales and bigger profits in the T i yee aa RY F rd 


electrical manufacturing field. . . . And 
our job here at Aluminum Permanent j 1¢z 1) ELAY Q ELAYS 
Mold is working with designers, engi- PM Sieat 
neers and buyers to produce castings to Light Base 2 to 180 Seconds 
their specifications at the lowest cost 
consistent with top quality. Actuated by a heater, they operate on 
Write for illustrated brochure. (Goenka TCT 
CCS Lh Meee OLE 
altitude, moisture, or climate changes 


DESIGN ENGINEERS rot — ; SPST only 
Get the facts on new so- } AMPERITE 


lutions desi P 7 Y l Compensated for ambient temperature 

utions to your design .M. Automatic } : 3am-' | Fa 5 from —55° 1 10° (-Heat 
. P.M. Electric Phonograph Base ag. ce “ 

castings problems. Hoist Housing ta RELAY | ers consume approximately 2 W. and 


FINE CASTINGS, OF ANY SIZE, TO YOUR SPECIFICATIONS. nay be operated continuously. The units 


— | | | | are ru ed, explosion-proot, ionqg- 
VU Um ecel aire arcyana COLO xelanT Oe LA\ ee aerate 


1054 FRONT AVENUE, N. W. GRAND RAPIDS, MICHIGAN WG Amperite Differential Re TYPES: Standard Radio Octal, and 9 
F ( F am Uti matic 
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. current protectios Standard Delays 
FHP motors... engineered 





normally open or ed 


tomotic over ee 


especially 


Ea RD 
REGULATORS 


Amperite Regulators are designed to keep the 
CMM MOC LCC Lh mas hire 
at a definite value (for example, 0.5 amp.) 


for your 
product 
Q 


MAC ILM LUMO MOTD Lem etl 
on A.C., D.C, or Pulsating Current 


The new RAE M-40 Series, in 3 ratings | 

at 5000 RPM. AC/DC Universal or DC 3 — 
Shunt. M-41 and M-42 rated '/) H.P re 

M-43 and M-44 rated % H.P. M-45 


- } 
and M-46 rated 1 H.P. Available with motors as TN adda 
any of Rae's gear units ‘ TIA OLD 


RAE engineers are recognized specialists in solving ele | 


difficult FHP motor applications. By careful analysis : . 4 

and testing of your product, they can save you time | 
and money in selecting the right motor A] Ib ih 

RAE offers outstanding service and quality in a 

large variety of motors. Available in voltages up to 
250, and up to 1/2 H.P. (higher for intermittent 
duty} with many gearhead motor combinations 
Find out how RAE motors can improve your prod- } 
uct and reduce costs as they are doing for other ambient temperature (—55_ to 90 C.), or humidity aT 


i é act ‘rs , ; 
leading manufacturers light, compact, most inexpensive OTs made 


"Send for the ‘‘RAE'’ Engineering Dato Sheet. It will help you 
Write for 4-page Technical Bulletin No. AB-51 


Hermetically sealed, they are not affected by changes in altitude 


supply the data necessary for recommendations and prices. 


Motors * Governor Controlied Motors * 

Motors for Rheostat Control * Motors for Telephone: CAnal 6-1446 
2009 Kewaunee Street Electronic Control * Permanent Magnet 
Racine, Wisconsin Motors and Gearmotors. 


Re AC DC Universal * DC Shunt Wound + A 
DC Series Wound * Gear Reduction 
MPERITE CO.Inc., 561 Broadway, New York 12, N. Y. 
a el < 


In Canada: Atlas Radio Corp., ltd, 50 Wingold Ave, Toronto 10 
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a wide range of industrial uses. Avail- positive contact up to 1000 or more Size 8 motor are: input, 18 volts 400 
able also in other materials to meet insertions. Space Products, 2235 E. cps, 4.7 watts per phase; torque at 
MIL-M-14 or other special specifica- Artesia Street, Long Beach 5, Cali- stall, 0.42 oz-in.; no-load speed; 6290 
tions. Included is reinforced alkyd for fornia. —>570 rpm; power factor, 0.875; rotor inertia, 
tensile and impact strength, arc re- 0.75 gm-cm?*; theoretical acceleration 
sistance, low water absorption and SERVO MOTOR GENERATOR at stall, 39,000 rad sec?. Induction 
negligible shrinkage. With 1 to 21 ter- Motor sizes 8, 11, and 18 (illus.), Motors Corp., 570 Main St., Westbury, 
ininals and two mounting holes. Also plus sizes 10, 15 and 20, with high lie ak ¢ Sad >571 
available with turret lugs. Kulka Elec- torque-to-inertia characteristics, offer 

ee So. Fulton Ave., — high acceleration and immediate re- 400-CYCLE MOTOR 


Motor with exceptionally high starting 


NYLON PRINTED-CIRCUIT of torque and low starting current for a 


wide variety of aeronautical applica- 
CONNECTOR et TE tions is designed to operate off Type I 
Molded connectors are available in “ny - power per MIL-E-7894 and to operate 
standard sizes and any color with en- 4 continuously at ambient temperatures 
graved lettering, top and bottom, filled wat per curve I of MS33543 as follows: 
with contrasting colors. Plaskon nylon ik Oa (a) full load at 50,000 ft, (b) 60 per 
8200 features beryllium contacts for FF cent full load at 65,000 ft. This 5-hp 

motor is rated at 7600 rpm, weighs 


sponse to error signals. Can be supplied 
modified for special uses. 
Characteristics of the Size 8 genera- 
tor are: input, 18 volts 400 cps, 1.65 
watts; voltage gradient per 1000 rpm, 
0.27 volts; temperature range, —55 to 
+150 C; null voltage (max), 0.015 
volts rms; phase shift, within 10 deg 
of reference; OD, 0.750 in.; overall 
length, 244.5 in. Characteristics of the 


"CONTROLLED HUMIDITY CABINETS 


(*Patents Pending) 


CONTROLS HUMIDITY 
*20 to 99% + 2% 


CONTROLS DRY BULB 
Room to 85 C.+ 1 C. 


MEETS MOST JAN., 
MIL., ASTM, NEMA 
HUMIDITY TESTS 


TL | ; : : 
ease aes «6©|) «new ASCO solenoid has virtually unlimited life 


oy ALL STAINLESS 4 STANDARD SIZES to ASCO’s new long-life solenoid, unlike or- 
serve the needs of research | dinary solenoids where plunger rides loosely 
Y DOUBLE WALL laboratories requiring ex- | in the sleeve, is manufactured to tolerances 


CONSTRUCTION: — tra capacity. Fully auto- | of + .0005”. A rugged machine tool bearing 
matic in operation; easy to ; guides plunger to provide accurate, smooth, 


5 V MECHANICAL , install and operate. virtually wear-free stroking. 
: RECIRCULATION | , ; For a precision solenoid that operates con- 


* fai : Write for Complete Data sistently and indefinitely, investigate this DC 
} | sis in ly, s § ) pull type 
Y INNER GLASS DOOR Full range controlled hu- | new long-life ASCO design. ASCO solenoids solenoid, 


yr LEAD-IN PORT midity cabinets available | are available to meet a wide variety of continuous 


with mechanical refrigera- | applications. For additional information, duty — 
tion, programmer-recorder i contact your ASCO engineer or write for 125 volts. 


Catalog 57-S5. 


Automatic Switch Co. 
BLUE DA ELECTRIC fae BLUE ISLAND, ILL. 50-M Hanover Road, Florham Park, New Jersey 


- bi : wigeinertons tee pooner FRontier 7-4600 
MANUFACTURERS AND DESIG 7 ELECTROMAGNETIC CONTROL 


TEMPERATURE CONTROLLED EQUIPMET AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES 


controller. 
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How CDF Di-Clad 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production, 
and operation of electronic equipment. Grades other 
than those described are also available. 


Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
combination. 


Di-Clad 112T. A Teflon* glass-fabric laminate offer: 
ing the best dielectric properties over a wide tem- 
perature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your application 


*Du Pont trademark for its tetrafluoroethylene resin. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Ratt COMPANY « NEWARK 13, DEL. 
In Canada: 46 Hollinger Road, Toronto 16, Ont. 


i 


Di-Clad 2350. An economy paper-base phenolic grade having good tensile, 
flexural, compressive, and impact strength. Adequate for most non-critical 
Pprinted-circuit applications. Can be cold punched and sheared up to 5/64 
of an inch in thickness. 


TYPICAL Di-Clad PROPERTY VALUES 


"BOND STRENGTH—0.0014” foil (Ibs, read. 
to separate 1’ width of foil from laminate) 


MAXIMUM CONTINUOUS OPERATING 
TEMPERATURE (Deg. C.) 


Di-Clad 2350 





DIELECTRIC STRENGTH (Maximum voltage 
per mil for 1/16” thickness) 


INSULATION RESISTANCE (Megohms) 96 
hrs. at 35°C. & 90% RH (ASTM D257, Fig. 3) 


‘DIELECTRIC CONSTANT 10° Cycles 
‘DISSIPATION FACTOR 10°Cycles 
“ARC-RESISTANCE (Seconds) 
‘TENSILE STRENGTH (psi.) 
‘FLEXURAL STRENGTH (psi.) 


IZOD IMPACT STRENGTH edgewise 
(ft. Ibs. per inch of notch) 





0.040 
5 
18,000 


0.80 


27,000 


Di-Clad 26 
(NEMA XXXP) 


6 to 10 


120 


900 


150,000 


16,000 


Di-Clad 28 


(NEMA XXXP) 


6 to 10 


120 


850 


600,000 


3.6 
0.027 


12,000 


Di-Clad 28€ 
(NEMA G-10) 


8 to 12 


150 


650 


100,000 


0.019 
130 


48,000 





21,000 


0.45 


18,000 


0.42 





COMPRESSIVE STRENGTH flatwise (psi.) 


BASE MATERIAL OF LAMINATE 


COLOR OF UNCLAD LAMINATE 





32,000 


Paper 


Natural 





28,000 


Paper 


Natural 
greenish 


Natural 








70,000 


12.0 
62,000 


Medium-weave, 
medium-weight 
glass cloth 


Natural 


49° 


Di-Clad 1127 
Teflon* 


410 8 
200 

700 
75,000 


2.6 
0.0015 
180 
23,000 


13,000 


6.0 


20,000 


Fine-weave, 
medium-weight 
glass cloth 


Natural 


All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 


*Du Pont Trademark 
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28.5 lb, has starting current of 290 : 

per cent at full load and starting torque 1] p t i 
of 160 per cent. Other specifications: S | lea S 0 
| efficiency, 82 per cent; power factor, 


0.70 min; volts input 115/200. Also ny 
| available as a 744-hp motor for inter- 
| mittent duty. Eicor, Inc., 4059 W. No. 


| Ave., Chicago, IIL. >572 commutators PIT 
GENERATORS WHIM) 


Generators are available in sizes from rings take 


500 watts to 40 kw with various volt- 

ages for a total of fifty different d-c ff 

outputs. Both shunt and compound- 0 
fast! 


Fast delivery for one 

or a million top quality 

commutators and 

collector rings .. . is 

assured when you order 

from Toledo 

| t Commutator Co. 

FREE technical | E J Extensive tooling 

information available ‘ i facilities... top 

g workmanship . . . quality 

control . . . all combine 

| with the finest raw 

for the FREE | wound units available. Applications: pe — to — 
7 sttarw charesing testine 4 operating y each Commutator an 

J battery charging, testing and operating p Gollsaier Ries to 

uniform excellence. 


at the amount of 


fo you. . . find 


out by sending 


Thermistors - Varistors - Thermal . d-c appliances. The typical machine 
———— : Eeerregg | illustrated is 6 kw, 40/60 volt, 1800 


Controls - Thermal, Electronic : e g i 
and Physical Sensing Devices 4 = AW rpm two-bearing d-c generator with Special orders, 


samples or repair 


commutating poles in addition to the 
I work are turned 


| field poles. Construction features in- / Ly out promptly. 
clude heavy cast endbells and frame, — Call Toledo 


grease-sealed ball bearings and single- Commutator Co 
VECO THERM . a Ai ee ity 
ISTOR-VARISTOR segment commutator bars. Kato Engi- for quality 


LITERATURE CATALOG neering Co., Mankato, Minn. >573 Commutators and 


Collector Rings. 
This handy reference catalog de- ” 


scribes the VECO Technical Literature SILICON RECTIFIER 
available for a variety of different 
applications of VECO Thermistors, 
Varistors and other VECO products. 


Rated at 1600 volts peak inverse and 
500 ma d-c, Type $-5207 silicon rec- 
tifier will replace up to five type 6 x 4 


CATALOGED IN EEM SEC. 4700 we 


What You Should Know About 


THERMAL-SENSITIVE | i. rete ey 
€ Catalog #65. 
RESISTORS 


THERMISTORS 


AND 
VOLTAGE-SENSITIVE i. 
RESISTORS | 
tubes in parallel. Pin connections are 


VARISTORS | | identical so the units are directly in- 


| terchangeable. Sarkes Tarzian, Inc., 
Rectifier Div., 415 No. College Ave., 


Bloomington, Ind. >574 t 


Vicvory CRYSTAL SOCKET ASSEMBLY 
nT ee A crystal holder designed for military- commutator co. 


109 Springfield Road, Union, N. J. type HC-6/U and HC-13/U standard- OWOSSO 6, MICHIGAN 
MUrdock 8-7150 size crystal cans features unit con- quality products since 1895 
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Nickelectric News 


DEVELOPMENTS IN INCO NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS a 


Overheat detector loops, protected by Inconel 
sheathing, guard critical areas of hydrogen 
reactor...monitor temperature along every 
inch of their lengths. 


Inconel Alloy keeps senses of 
dual-acting fire detector sharp 


... armors sensitive element 
from flame, abrasion, corrosion 


BELLEVILLE, N. J.: Looped through dan- 
ger zones of process equipment (see 
photo above), airplanes and atomic 
energy installations, this new Kidde 
continuous-line overheat-fire detector 
warns of overheat wherever it goes. 
When heated rapidly, it signals “fire” 
regardless of the particular tempera- 
tures reached. 


Inside, Inconel-clad Nickel wire assures 
maximum sensitivity 

In operation, heating causes variations 
in an electrical current flowing between 
two parallel ceramic-embedded Nickel 
wires clad with Inconel* nickel-chrom- 
ium alloy (see drawing). These varia- 
tions signal a control unit, triggering 
an alarm. Inconel alloy prevents chemi- 
cal reaction between wires and ceramic, 
maintaining detector’s heat response. 
Nickel owen good conductivity, 
strength at high temperatures. 


Cross section of sensitive overheat-fire detec- 
tor element shows Inconel sheathing (with- 
stands 2000°F); Inconel cladding on Nickel 
wires (prevents reaction with ceramic core). 
Made by Walter Kidde & Company, inc., In- 
dustrial and Marine Div., Belleville 9, N. J. 


Outside, Inconel sheathing armors loop 
The Inconel sheath resists dents, abra- 
sion, corrosion, withstands tempera- 
tures up to 2000°F. Ductility of Inconel 
alloy permits easy bending of element 
to contours of protected areas. 
Pertinent Literature: Write for book- 
lets T-7; “Engineering Properties of 
Inconel, ” an T-15; ‘“‘Engineering 
Properties of Nickel.” 
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Monel housings maintain switch 


precision in hostile environments 
...from —65° to + 1000°F in vapors, vacuums 


FREEPORT, ILL.: Switch developments are keeping pace with man’s rush into new 
environments. They must! Now, as never before, switches are required to do their 
jobs in extremes of temperature, near-vacuums, corrosive vapors, jarring vibra- 


tion and radioactive areas. 


The Monel housing helps provide an operative 
range from —65° to +1000°F in this high tem- 
perature “HT” switch made by MICRO SWITCH 
of Freeport, Ill., a division of Minneapolis- 
Honeywell. 


High magnetostrictive effect 
of Nickel broadens use of 
ultrasonic cleaners 


NEw York, N. Y.: Because Nickel has 
a large magnetostrictive effect, it’s 
used to energize many kinds of ultra- 
sonic cleaners. In atomic energy instal- 
lations, for example, these cleaners re- 
move radioactive particles from equip- 
ment. They clean surgical instruments; 
even entire jet engines! 

One ultrasonic cleaner, developed by 
American Time Products, is used to 
clean tiny parts for electronic equip- 
ment. 


““A’’ Nickel 
laminations 
produce high- 
frequency ca- 
vitations in 
cleaning and 
rinsing pots of 
this “Watch- 
master” unit, 
developed by 
American Time 
Products, Inc., 
New York City. 


ATP’s chief engineer writes: “Elec- 
tronic-Grade ‘A’* Nickel enables us 
to produce a simple, economical trans- 
ducer for converting electrical energy 
into high-frequency vibrations. The 
Nickel withstands high heats, mechani- 
cal abuse and corrosive solutions, pro- 
viding a long, stable life.” 

Nickel transducers operate up to 100 
kilocycles per second, drive high im- 
pedance loads such as process liquids 
and machining tools. 


Pertinent Literature: “Design of Nickel 
Magnetostriction Transducers.” Write 
to Inco for a copy. 
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Switch works hot or cold 


An outstanding switch development is 
the high temperature “HT” MICRO 
SWITCH** produced by Minneapolis- 
Honeywell. In tests at 1000°F, “HT” 
switches snapped on-off more than 
10,000 times while carrying 10 amps 
at 28 volts de. In actual use, they oper- 
ate precisely scant inches from the 
white-hot blast of a jet plane after- 
burner, can work in —65°F cold. 

Housings for these “‘super-duty” 
switches are made of Monel* nickel- 
copper alloy for three big reasons: this 
durable metal retains ample strength 
at 1000°F, doesn’t embrittle at —65°F, 
and readily withstands the corrosive 
attack of industrial fumes and marine 
atmospheres. 


A sealed chamber of Monel alloy guards the 
contacts of this “HS'’ MICRO SWITCH. Result: 

recise and reliable switching operation even 
n damp, corrosive atmospheres. Conductors 
to the chamber are sealed in glass (shown by 
diagonal lines). 


Switch works in vapors and vacuums 


In the hermetically sealed ‘“‘HS” 
MICRO SWITCH, a corrosion-resisting 
Monel chamber encloses switch con- 
tacts in a dry inert gas (see shaded 
area in drawing). Corrosive moisture 
doesn’t get through to condense on con- 
tacts; low ambient pressure can’t cause 
spark-over ... switch retains its pre- 
cision action. 

Compared to other materials con- 
sidered for the switch housings, Monel 
alloy is a standout... offering the best 
drawing, machining and fabricating 
properties. 

Pertinent Literature: Write for booklet 
T-5; “Engineering properties of Monel 
and ‘R’ Monel.” 
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*Trademark, The International Nickel Company, Inc 
**T M. of MICRO SWITCH DIV., 

Minneapolis- Honeywell 

Regulator Company 


4». 4». 
ANCO, THE INTERNATIONAL NICKEL COMPANY, INC. * 67 Wall Street * New York 5, N. Y. ANCO, 
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Whatever Your Field 
Check DE-STA-CO 


for Stampings with the Plus 


ELECTRICAL HEATING—COOLING 
ELECTRONIC —_ ’ 
PHOTOGRAPHIC é 


HARDWARE 
AUTOMOTIVE 
AIRCRAFT 


& Kn 
> . 
DE-STA-CO—stampings since 
=e. 
=~ 


1916—today THE name in 
toggie clamps & 


De-Sta-Co has been recognized for over 
25 years for its leadership in the field of 
production clamping devices. Today, our 
engineers are creating improved and special 
toggle clamps to meet your specialized 
production problems in every field. Over 130 


models, types and sizes, stocking distributors —— . 
everywhere. Send for catalog. ' e- \\ 
“ 


Our range of stamping production has made De-Sta-Co known as 
an important source from coast to coast. We’re regular suppliers 
to the most widely diverse industries—electrical, electronic, 
photographic—refrigeration, heating and ventilating—hardware, 
automotive, aircraft. All of these require top quality—and we take 
off our hats to none—but in addition to quality they want De-Sta- 
Co’s other pluses: service, integrity, modern equipment, second 
operation facilities, ample inventories of all common and many 
unusual materials. Our know-how is as extensive as you'll find 
in the business and the big p/uses we give you gratis! 

Next time, check with De-Sta-Co for stampings, prices and 
PLUSES! Prints, samples or detailed letter will get you fast 
results. Qualified representatives from coast to coast. Write for 
the name of the De-Sta-Co man in your area. 


De-Sta-Co is widely known for toggle clamps, stamp- 
ings, precision washers, spacers, shims, shim and 
f) ° ° ¢ feeler stock, blower housings and marine specialties. 
CSE #£# . 
wt ee é 


VENUE 


¥ 





struction and_ eliminates separate 
socket and holder, reducing overall 


| package size and weight. The clip is 
cadmium-plated beryllium copper al- 
loy. Two Teflon-insulated jacks with 


phosphor-bronze, silver-plated, gold- 
flashed contacts receive the crystal 


| pins. For horizontal or vertical mount- 


ing. Available with contact tails 
formed at right angles for use on 
3/32-in. printed-circuit boards. Obtain- 
able with anti-rotate tab. Augat 
Brothers, Inc., 33 Perry Ave., Attleboro, 
Mass. 575 


MINIATURE TRANSISTOR 
TRANSFORMERS 


Five micro-miniature transistor trans- 
formers are available in open-frame 
construction with standard channel or 


plug-in tab mounting channel. Size less 
than ¥% cu in. with a weight of approx 
0.4 oz. Have impedance ranges de- 
signed to meet the requirements of 
many new transistors. Microtran Co. 
Inc., 145 E. Mineola Ave., Valley 
Stream, N. Y. »576 


MIDGET D-C SOLENOID 


Solenoid for continuous and intermit- 


| tent duty applications is usable in mini- 
| aturized assemblies. Plunger strokes of 


the Type 22 unit are adjustable from 
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PRODUCTION 
WIRE STRIPPERS 


Meet More Needs — 


Solve More Problems 


IDEAL Production Strippers are generally 
known as “the fastest on the market.” What- 
ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 
you better work, faster and cheaper! Below 
is solid evidence — a condensed list of wire 
stripping needs that IDEAL Strippers are 
called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. .. Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
4” from the body of the winding or coil 
form. 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below, 


! 
2 


"ROTARY be eS ce Lie oS ak al 


_ 


Quicker, cleaner stripping of 

all types of film insulation. 

; : Wire size AWG #50 to #25. 

For epee production | REPLACEMENT WHEELS: 

stripping of most types of | IDEAL offers top quality at 

single conductors, solid or | less cost per pair than the 

stranded wire up to a maxi- | average of other good quality 
mum of 3/8” outside diameter. | wheels. 


FREE CONSULTING SERVICE 
— SEND US SAMPLES OF YOUR WIRE 


We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 


Sold through America's Leading Distributors 
In Canada: Irving Smith, Ltd. Montreal 


IDEAL INDUSTRIES, Inc. 


1008-E Park Avenue, Sycamore, Illinois 
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GREATER 
SAVINGS 
FOR YOU! 


Purchase of another building and in- 
stallation of the newest and finest 
contact manufacturing equipment 
means that Deringer can continue to 
give you the highest quality in even 
greater volume and, of course, com- 
petitively priced. 


Especially important are expanded 
facilities for producing welded contact 
assemblies, balls, various unusual 
shapes and silver cadmium oxide 
contacts. 


QUALITY, DELIVERY and PRICE 


Now standard and special contacts 
can be made to very close tolerances 
and at speeds which make even faster keg 
delivery possible and at lower cost too! 


FOR GENERAL 
INFORMATION: 


Write for these 
contact catalogs. 
aia 
FOR SPECIFIC INFORMATION: 


Submit complete specifications of your 
part, tolerances, material, application. 


METALLURGICAL CORPORATION 


8119 MONTICELLO AVE., SKOKIE, ILL. 
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WRITE today 

for free 78-page 
Kester technical 
manual, 
“SOLDER ... Its 
Fundamentals 
and Usage." 


Why You Should 


Insist On 
KIRKWOOD 
COMMUTATORS 


, KIRKWOOD durable STEEL CORE or 
economical MOLDED CORE commutators are precision 
made for longer, efficient life. They fit right the first time. 

KIRKWOOD steel and molded slip or 
collector rings meet the same standards of quality. You 
can depend on them to run true, eliminating sparking 
and excess brush wear, safeguarding efficiency from 
source to load. 

Send us your prints for estimates on 
new commutator or slip ring designs for special ap- 
plications. 

KIRKWOOD commutators range from 


%” to 50” in diameter. 


KIRKWOOD COMMUTATOR corp. 


4855 West 130th., Cleveland 35, Ohio 
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STARTS WITH 
THIS SPOOL! 


o 
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KESTER 
SOLDER 


Kester FLux-Core Soper is 
always first choice with those 
who know solder. They like 
the way it helps keep produc- 
tion costs in line, speeds as- 

\ sembly, assures dependable 
performance. Yes, American 
industry is sold on Kester... 
how about you? 


\\N 


WY 


KESTER SOLDER COMPANY 


4209 Wrightwood Avenue « Chicago 339, IIlinois 
Newark 5, New Jersey « Brantford, Canada 


Over 60 Years’ Experience in Solder and Flux Manufacturing 
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1/32 to 5/16 in. with a max utt of 11 
oz, continuous duty; 24 oz, intermittent 
duty. Overall dimensions: 3/4 in. high 
x 1% in. long x % in. wide. Coil 
values: 6 to 110 volts d-c only. Guardi- 
an Electric Mfg. Co., 1621 W. Walnut 
St., Chicago 12, Ill. >577 


MINIATURE SHIFT REGISTER 


Model SR-104 miniature shift register 
is a one-core-per-binary-bit unit, with 
a 5 ke information rate and a signal- 
to-noise ratio of 10:1. The operating 


temperature range is from —55 to 
+125 C. 

A 14.0 psec, 22-volt output pulse is 
obtained by applying a 10.0 psec, 7 ma 
input pulse and subsequently an 8.0 
psec, 300 ma shift pulse. Epoxy en- 
capsulated, it occupies a total volume 
of 0.2 cu in. ESC Corp., 534 Bergen 


Blvd., Palisades Park, N. J. ->578 


TIME-DELAY RELAY 


Model 320 thermal time-delay relay, 
designed to meet the military require- 
ments for ground equipment, is the 
hermetically sealed, metal enclosed 
version of the Model 501 (glass en- 
closed) relay and meets salt-spray, 
ambient temperature, vibration and 
shock requirements for virtually all 
non-airborne equipment. Only 114 in. 
diam and 21% in. high, it is available 
in a timing range of from 15 to 120 
sec. Filled with dry air and has 
standard octal base. Thomas A. Edison 
Industries, McGraw-Edison Co., West 
Orange, N. J. ->579 


(Continued on page 330) 
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WHY SPACE IS 


FRONT-PAGE NEWS. 


Compact Clark Relays control 72 circuits 
from panel area smaller than a newspaper 


In this day of space exploration and 
space economy, it’s news—front page 
news —when you can get 72 separate, 
controlled circuits all on a panel no 
larger than 15” x 20”. 


Clark Controller, with the most com- 
plete and integrated line of control 
relays available today—convertible pole, 
latch, universal pole, and time delay — 
does it! And only Clark offers such a 
wide range of operation, so many con- 
tacts, in a panel area of such small size. 


Shown mounted here with the Clark 
Size 1, Type “CY” Starter are 10 com- 
pact Clark Relays which include four 
time delay contacts (two normally open, 
two normally closed), 52 instantaneous 
contacts (14 normally open, 14 nor- 


mally closed, and 24 convertible), plus 
16 latching contacts (all convertible). 


The same engineering leadership and 
superior workmanship that made Clark 
Controller the standard of quality for 
controls in heavy industry, is inherent 
in the broad line of Clark Relays for 
modern panels. 

The “modular construction” of all Clark 
“PM” Relays insures integrated uni- 
formity, compactness and flexibility. 
Functional alignment in mounting 


results in neater, more uniform panels 
and most efficient utilization of valuable 
space. And because “PM” relays are 
available in a wide variety of pole com- 
binations, providing up to 14 contacts 
on a single relay, you can control more 
circuits — save on relay requirements. 


For more information on the complete 
line of Clark “PM” Relays which is 
making space-saving headlines, con- 
tact your nearest Clark Controller sales 
office or distributor. Or, write direct to 
Clark Controller for free bulletins. 


ee CONTROLLER 


Everything Under Control * 1146 E. 152nd St. Cleveland 10, Ohio 
IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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THE DIFFERENCE IS 
IN THE MAKING 


Good quality fluorocarbon parts require special processing techniques. 


This is why Garlock’s United States Gasket Plastics Division is called 
upon so often to fabricate parts of fluorocarbon plastics. They have the 
personnel, the facilities, and unequalled experience in handling TEFLON 
and Ket-F. They specialize in precision molding and machining where 
close tolerances, intricate shapes, delicate wall sections, inserts, molding 
around metal, and threaded parts arc involved, 

If you have a difficult fluorocarbon problem, why not send it to your 
local Garlock office for quotation? Guarantee yourself the best in parts, 


methods, and_ price. 


For Prompt Service, contact one of our 30 sales 
offices and warehouses throughout the U.S. and 


nited Canada, or write The Garlock Packing Com- 
New York. 


pany, Palmyra 
Sateen sis. 
asket Plastic: Duision of 
GARLOcCK 
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NYLON HEX NUTS 


Nuts from a tiny No. 2 through 5/16 in. 
screw diam have a washer face, are 
double countersunk, are made with a 
single chamfer, and are standard thick- 


nesses (except for the 5/16-in. sizes 
which are jam nuts) with unified series 
Class 2B threads. 

Miniature flathead nylon screws 
come in No. 2-56 and No. 3-48 sizes. 
Available in natural color or colored 
to order, and in any specified length 
up to 144 in. Gries Reproducer Corp., 
400 Beechwood Ave., New Rochelle, 
a >580 


POWER RELAY 


General purpose relay is built with 
single-coil construction, employing 
box-type magnetic field. Movable- 
contact springs mounted on molded- 
phenolic insulating bars provide posi- 
tive contact alignment. Coils available 


1ange from 6 to 115 volts d-e and 6 t 
230 volts a-c. Contacts of 144 in. dian 
available in either silver or silver- 
cadmium oxide, rated singly at 10 to 
25 amp. 110 volts a-c, noninductive 
Contact pressures 35 gm max each 
D-C relays incorporate high-quality 
annealed iron, A-C relays have silicon- 
iron parts, with copper shading wash 
ers. Type U relay has coil and contact 
terminals located at one end to facili- 
tate wiring. Comar Electric Co., 3349 
Addison St.. Chicago 18, Il. +581 


GALLIUM ARSENIDE DIODE 


Regulator diode withstands 325 C and 
will operate at double its power-dissi- 
pation capability at normal ambient 
temperatures, Glass packaged semicon 
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aC) EMTS 
for thread-cutting screws? 


PARKER-KALON offers three new, improved thread-cutting 


Screws for a application a MLA mG 


New, Improved P-K Type F* 


... hardened thread-cutting 

screws developed for use in 
friable, granular or brittle material. 
The pilot, with its five tapping flutes, 
cuts a machine screw thread as the 
screw is turned in. The Type F is 
ideal for making fastenings to fer- 
rous and non-ferrous castings, bronze 
or brass forgings, heavy gage sheet 
metals, structural steels, plastics and 
resin-impregnated plywood. 


“Pentap”.. . the new, 
Improved P-K Type B-F* 


(formerly F-Z) combining the five 
thread-cutting flutes of the Type F 
screw with the coarse-pitch, widely- 
spaced threads of the P-K Type B. 
The thread-cutting ‘‘Pentap”’ Type 
B-F distributes cutting pressure 
evenly, lets chips drop to the bottom 
of the hole, and prevents cracking 
of material. It is designed for making 
fastenings to comparatively thin sec- 
tions and bosses in friable and brittle 
plastics. 


. is a completely new and 
improved thread-cutting 
screw developed by Parker-Kalon 
especially for use in Nylon. The Type 
L functions as a combination thread- 
cutting and thread-forming screw in 
that it cuts a small amount of the 
Nylon to allow the full diameter 
threads to form. Type L offers a 
particular advantage in Nylon 
assemblies which must be disassem- 
bled for service, because the P-K 
Type L can be removed and replaced 
without stripping or galling. 


The five cutting flutes on the new, improved P-K Type ‘F”’ and “BF”’ 
reduce pressure development by 80 percent! The completely formed 
threads on these screws have sharper cutting edges, and 5 deep flutes that 
are of continuous depth. These features make for better clearance of the 
accumulated material and assure minimum stresses in driving, and avoid 
the possibility of stripping or galling. 


FOR SEMS...and Neoprene or Nylon 
washer STAPS® in thread-cutting and 
thread-forming tapping screws, or ma- 
chine screws in any kind of pre- 


FOR SAMPLES OF P-K THREAD-CUTTING SCREWS AND SEMS, 
CALL YOUR LOCAL P-K “BULK-STOCKING" DISTRIBUTOR 


uty 


fasteners 


1.44. OUP MURALI Peel ad ee 
Corporation, Clifton, New Jersey « Offices and Warehouses in 
Chicago and Los Angeles 


assembled fastener-washer combination, 
eo MT) ya ieee olen: 
KEEP AMERICAN INDUSTRY AT WORK... BUY P-K.. .MADE IN U.S.A, 


*Patent Pending ee | 
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o1 with automatic production machine Repeatability of thermal type move- 
facilities in board thicknesses of 0.040 ment instrument, approx 2 per cent. In 
to 0.062 in. Litton Industries, P. O. standard watt-hr meter cases with plug- 
Box 2368, Van Nuys, Calif. >583 in mounting bases. Technique Associ- 
ates, Div. of Duncan Electric Co., Inc., 
P. O. Box 91, Indianapolis 6, In- 
CONTACT-MAKING METER Monn. >584 
Adjustable contacts on meter indicat- 
ing pointer actuate a built-in relay 


ductor diode dissipates 800 mw at 25 
€ and features zener breakdown volt- 


age of 11 volts. Leakage current, 200 


a , handling loads to 20 amp. Control 
pamp at 325 C; operating temperature, point readily changed. Control mode ENCAPSULATING RESIN 


—65 to +3825 C. Texas Instruments, Silicone-modified filled resin is de- 
Inc., Dallas, Texas. 582 maa : signed for treating electronic compo- 
nents that require high moisture 

eS ; site resistance and flame retardance. Trans- 

TEFLON-INSULATED | ez a \ formers encapsulated with Fosterite 
e ~ © SFR BT-3199 have passed humidity 

Wenn ae and flammability tests of MIL-T-27A. 
For treatment of filament. power and 
plate transformers for communications, 


Two-piece feed-through and test point 
terminals utilize only two sizes of 
lefion grommets for making the entire 
series which presently offers up to 
twenty configurations. No chassis pre- 
cision drill tolerances, deburring, or 
chamfering required for pressed-type 
terminals, Can be installed by hand 

; of two-position type (HCL) with ad- 

justable differential gap. Control span, 

5 to 100 per cent of full scale. Con- 

tacts provide control, indication or 

alarm functions. 

Ranges from 0-5.0 or 0-200 amp can 

be supplied for a-c loads without using 

external current transformer; 0 to 5.0 

and 0 to 10.0 amp d-c scales available. 


IMPROVED SELECTIVE SOLDERING. .. 


If you need an 
INDUSTRIAL PAPER 
Van da) 


PRINTED CIRCUIT Special. Characteristics 


SOLDERING MASK 


Lonco PC No. 33 Solder Resist assures 
more efficient selective soldering in these 


—  MOSINEE 
ae Leaves tough film that does not peel, 


pit or blister. S 
will make it to your 
Qe Improves soldering of uncoated areas. 


a Effectively minimizes bridging. EXACT SPECIFICATIONS 


Lonco PC #33 Solder Resist affords excellent insu- 
lating resistance across the entire circuit pattern. . . 
leaves less copper exposed to contaminate the solder 
ese plc improves appearance of completed 
oe . . . Saves weight on assembled circuits .. . 
Performs efficiently over Sealbrite /230-10 Protective 
Solder Assist Coating.Where higher solvent resist- 
ance, or resistance to higher soldering temperatures 

is desired, PC #758 or PC #535 SOLDER 


RESIST may be used. MOSINEE 


Request literature for full information. 


LONDON CHEMICAL CO., INC. PAPER MILLS COMPANY 


Mosinee, Wisconsin 


for complete information write 


1537 N. 31st AVENUE © MELROSE PARK, ILLINOIS 
Member of Institute of Printed Circuits 


Other Lonco Products: Solder Fluxes, Protective Coatings, 
Flux Removers, Chemical Wire Strippers. 
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THIS PLUG 


IN 
THE 
OUTLET 


GRIP PRONGS* give dependable service on all electrical 


equipment. Available on the better complete cords only. 


GRIP PRONGS* Expand and 
actually grip sides of slot. 


Plug stays in—good contact 


even in worn outlets. 


Maintains the best possible 
electrical connection. 


Prevents damage to electrical 
contacts in the receptacle. 


Positive electrical contacts —No 


strain. No damage. \ 


Belden 


WIREMAKER FOR INDUSTRY *U.S. Patents: 2,439,767; 2,671,205 
O4A01E8 SINCE 1902 Canadian Pats: 438,585; 506,946 


CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable « Electrical Household Cords © Electronic Wires * Automotive Wire and Cable 
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eS € fire control, radar and guided missiles. 
. | Micarta Div., Benolite Plant, Westing- 
house Electric Corp., Manor, Pa. ->585 
eeeeeeoaoooeoeoeeoee 


MOLDED INSULATED 


requirements... | moun 


Melamine-insulated feed-through _ ter- 
minals with molded outer threadings 
for direct mounting in a tapped hole 


{oy 
¥ ~ “2 ~@. 


y 3 
Yowy 


are available in several types and 
lengths. 

Dially! phthalate insulated terminals 
with tapped inserts and metal flanges 
for spot welding or soldering onto a 
metal shell provide a second series. 
Other insulations can be furnished in 
both series. 

A line of half-hard brass _printed- 
circuit board receptacles, for plug-in 
mounting of transformers, — relays, 
switches and other assemblies, is also 
available. Standard pin sizes up to 
0.125 in. accommodated. Lerco Elec- 
tronics, Inc., 501 Varney St., Burbank, 
Calif. > 586 

We illustrate the cast bronze cam block for a hydraulic pump operating 
the hydraulic lift mechanism on an exceedingly well-known line of farm 
tractors. 


ELAPSED-TIME INDICATOR 
Subminiature unit operates from a 
The manufacturer of this equipment has very unusual specifications for 400-cycle source at voltages to cus- 
this cam block. Its bore has a very fine finish specification. It also must be tomer’s specification and has a power 
round and true to size within unusually close limits. In addition, it must 

be square to the face of the cam block within limits that ordinary methods 

of manufacture will not attain. 


Bunting methods of manufacture result in a part which is completely to 
the customer’s exacting specifications. 


For the unusual, as well as the usual, in bearings, bushings, bars, or special 


parts of cast bronze, sintered metal, or Alcoa aluminum, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed 
Product Engineering Department are at your command with- 
out cost or obligation for research or aiding in specification 
of bearings or parts made of cast bronze or sintered metals 
for special or unusual applications. 


- Ath OL WE GOL YOUR COPY OF --- 


Bunting's “Engineering Handbook on Powder Metallurgy” 

and Catalog No. 58 listing 2227 sizes of completely finished 

cast bronze and sintered oil-filled bronze bearings available ‘ 1/ . _ 
Seon ene consumption of 114 watts. The Type 


SM-1 indicator uses a subminia- 
ture single-phase synchronous motor. 


e Weight is 1.25 oz. Nominal diameter 

4 ca] bre and length are under 1 in. Meets gen- 
eeihiseaelae itil ° eral requirements of MIL-I-7793B. 
Toledo 1, Ohio—EVergreen 2-345! Hepta Electronics, Inc., 2635 Louisiana 
Sreneaes to Cacipe! Cites Ave., Minneapolis 26, Minn. ~>587 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. ALCOA” ALUMINUM BARS (Continued on page 336) 
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PLASTIC MOLDED KNOBS 


FOR INSTRUMENTS, CONTROL PANELS, ETC. 
@e2@eOecee 
eee e080 
©6000 
yo OC © 


From Stock Molds e No Tool ine e— Fast iilies 


Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. Save time, save money, use 
Rogan’s stock molded plastic knobs. Send for free catalog. 


ROGAN BROTHERS 


8027 N. Monticello Ave., Skokie, Illinois 
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HEAT CONTROL — LIGHT CONTROL 
Naa mati eee tle 


close adjustment (AC or DC 


Portable Plug-in RHEQSTATS 


for APPLIANCES 


Built-in HAIN EV 


for MACHINES and ety 3 Le 


NATIONAL ELECTRIC CONTROLLER CO. 


7076 Glenwood Ave., Chicago 26, III. 
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OUR TRANSFORMER PRODUCTION 
EQUIPMENT IS FOR SALE 


TOOLS-DIES-FIXTURES and Engineering data for 
the manufacture of a complete line of high voltage 
transformers (2,000 to 15,000 volts) .. . also 
all necessary equipment for production of a 
special line of fluorescent lamp ballasts, priced 
for quick sale, will be sold on first-come _first- 
served basis. 
Call or write James Howenstine, 


Neon Products, Inc., Lima, Ohio 
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TROMBET TA SOLENOID CORP. 


MILWAUKEE WISCONSIN 
U.S.A 
329 N. Milwaukee Street ¢ Phone BRoadway 1-8347 


NA-700 LINE OF SOLENOIDS 
The ultimate design in 
Guided T Plunger | Solenoids 


Developed in 1952 
Patented March 10, 1959 
Patent No. 2,877,390 


WE DESIGNED THEM! 
WE DEVELOPED THEM!! 
WE PATENTED THEM!!! 

THEY ARE OURS!!!! 


Mounting holes Flush rivets Plunger 


Three point 
contact 


Coil liner Stainless steel retainer 


No clatter! No chatter! ! 
FEATURES 
Positive three point contact 
Heavy stainless steel guides 


RESULTS 
Longest life expectancy; reliable operation 
throughout entire life; silent operation in sealed 
position; mountable in any position, at any angle; 
no heavy grease required to cover up poor design; 
no grunting when mounted horizontally. 


AVAILABLE 
In a multitude of standard sizes, pull or push 
type; also custom built to satisfy customer’s 
requirements; also for OEM, and replacement 
trade. 


TROMBETTA has the original solenoid. 
Don’t let anyone sell you imitations. 
Request additional information. 


“TROMBETTA” 


is the answer to: 


ALL SOLENOID QUESTIONS 
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CUT 
RIVET 
ASSEMBLY 
CcCosTs 


with Milford's 


Complete Line of 
AUTOMATIC 


RIVETERS 


Can be adapted to solve nearly every 
fastening and assembly problem. For 
the answers to assembly problems... 
get in touch with Milford first! 
ft; 


MILFORD RIVET 
& MACHINE CoO. 


MILFORD, CONNECTICUT . HATBORO, PENNA. 
ELYRIA, OHIO + AURORA, ILL. *« NORWALK, CALIF. 
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SUBMINIATURE SWITCH 


Precision switch uses refractory mate- 
rials for construction, ensuring opera- 
tion over the temperature range of 
—65 to 700 F. Life of the snap-acting 


me 


non-sealed No. 61151 switch at rated 
load is 25,000 cycles at 700 F and 
100,000 cycles at 450 F. Operating 
force, 10-20 oz.; electrical rating, 5 
amps resistive, 3 amps inductive at 28 
volts d-c; movement differential, 0.0005 
to 0.005 in. Meets MIL-S-6743 and vi- 
bration requirements of MIL-E-5272A, 
Procedure II. Haydon Switch, Inc., 
Waterbury 20, Conn. >588 


COLLAR SHAFT 
LOCK BEARINGS 


Eccentric collar lock machine unit ball 
bearings, equipped either with spheri- 
cal seat for automatic self-alignment 
or straight outer diameters for proper 
shaft location, may be adapted to all 


types of housings requiring self-con- 
tained ball bearings. The self-tighten- 
ing eccentric locking collar secures 
the unit to the shaft. Units factory- 
lubricated and equipped with telt seals 
to retain lubricant and exclude con- 
taminants. Bearings offered either 
sealed for life or with lubricant chan- 
nels in outer bearing for relubrication. 
Available in 32 shaft sizes, 34 to 2 15/16 
in. Hoover Ball and Bearing Co., 5400 
So. State Rd., Ann Arbor, Mich. +589 


MAGNETIC AMPLIFIERS 


Eight different types of magnetic am- 
plifiers covering output powers up to 
18 watts are used for driving servo 
motors. These hermetically-sealed SR- 


It’s the 


EXTRAS 
that make a GOOD tube 


GREAT? 


6360 


MINIATURE, HIGH-SENSITIVITY VHF TWIN TETRODE 
with these Amperex EXTRAS 


@ 14 watts anode dissipation in a miniature 
envelope 
30 watts plate input up to 200 Mc (ICAS) 
internal neutralization 
ruggedized heater for mobile service 
standard, 9-pin button base 


TYPICAL RF OPERATION, CLASS C, 
TWO HALVES IN PUSH-PULL 
For frequencies up to ae 


Other Amperex replacement fi 
5894 


6146 
6939 


Tet ey 4 


a oe 


eee 
S 


ask your distributor 


about extra-quality 


Amperex 


replacement tubes 


Amperex ELECTRONIC CORP 
230 Duffy Avenue, Hicksville, L. |., N. Y. 
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PRESENTING A 


tANSPARENT 


(No Amber Tint) 
SLEEVING FOR 


MIL-1I-631C 


Grades a and 6 
Applications 


Se 


nce 


} a, Te Now — the many advantages of a transparent sleeving 


(without amber tint) are available in conformance 

ry cL to MIL-I-631C (Grades a and b, Class | and Il, Cat. 1) and 
WAL AMS-3630-B. New Resinite EP-69C permits easy identification 
yi 7 f "T He of color-coded wires and full readability of printed coding. 
An all-purpose material, EP-69C surpasses all MIL-1-631C 

requirements and offers these valuable properties: 


HIGH DIELECTRIC NO TACKINESS FLAME RESISTANT CORROSION RESISTANT 


900 volts /mil. (.016” wall. Slips easily over wires for 
Other wall thicknesses harness assemblies. FUNGUS RESISTANT SOFT-WOUND SPOOLING 


: Exclusive Resinite packagin 
proportionate). WIDE TEMP. RANGE 5 COLORS delivers full-round “not i. 


FULL SIZE RANGE -75°F to 185°F Transparent, black, flattened) sleeving. 
#20 AWG through 242” ID (- 60°C to 85°C) white, red, blue. 


Hesinite \-!/ 


THE DOPWEN CHEMICAL COMPANY Resinite Ne 
Plants: Santa Barbara, Calif. * No. Andover, Mass. 


Whatever your insulation 
sleeving problem, there’s an 
appropriate Resinite material. 
Call your Resinite distributor 
or write for samples and 
performance data. 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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TOROIDS & 


For precision filters 
and magnetic amplifiers 
fo pass most stringent 
environmental tests 
Tolerances to 0.1%, 


Keystone > WY: 


904-6 TWENTY-THIRD STREET UNION CITY, NEW JERSEY 


UNion 6-5400 


SSSCHOSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSOSHCOSSESCSSSOCESEOCEES 
Circle 338 on page 17 


PRECISION ® RELIABILITY ® QUALITY 


smaller than ever! 
Type LK Rectangular 
High Voltage 


CAPACITORS i ae 


If you require a smaller capacitor *ouperier vesisbunce 
with much longer life, find out about — *better power factor 


our Type LK. Designed for 4 times eee eo ae” 
o1 . = . ma e 
the life of MIL-C-25A with case Soulients iiams ten O00 


sizes as much as 80% smaller. 50,000 volts 


For full details, write for Bulletin LK. 


Have you received our pocket size ““Comperator’’ and ‘‘Conversion’ 
FREE? chart? Write today! 


TTT Te 


2620 N. Clybourn Chicago 14, Illinois 0! 8-3735 


Circle 339 on page 17 








4 series amplifiers are for 400-cps 
power. Model SS-4 is a 400-cycle high- 
gain device with power gain of 300,- 
000. Size, 2% x 3%2 x 334 in. West- 
bury Electronics, Inc., Westbury, New 
York. ->590 


FLOW CONTROL 
SERVOVALVE 


Two-stage, force-balance feedback 
valve with a replaceable filter integral 
within a cast Meehanite body may be 
supplied with standard connector or 
terminal box. Typical applications are 


+ 


control of automatic machine tools, 
process valve positioning, positioning 
and transfer devices, grading machines, 
and automatic power steering of ma- 
terial handling trucks. Series 71 valve 
is available in 1, 2.5, 5 and 10 gpm 
with 1000 psi valve drop and 20 ma 
input. System pressures: 500 to 4500 
psi. Moog Valve Co. Inc., East Aurora, 
mt, >591 


DIRECT-CONNECTED 
CENTRIFUGAL PUMP 


All-bronze pump with mechanical seal 
utilizes a  direct-connected impeller; 
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I get 
shortest 


etching 


time 


with 
HUNT 
ETCHANTS 


fa. 


HUNT R.C.E. for PRINTED CIRCUIT BOARDS 


(Rapid Circuit Etch) 

Hunt R. C. E. is a proprietary etchant, formulated to etch 

printed circuits fast and to speed up production. It offers 

these 6 big advantages: 

e Easily removed by 
washing 


@ 15% increase in etching 
speed 
@ Fast action over entire 
circuit 
@ Uniformly smooth 
etching 
HUNT R.C.E. for SOLDER-PLATED CIRCUIT BOARDS 
(Solider Circuit Etch) 
This ready-prepared product is designed to etch solder-plated 
circuit boards more easily, more effectively than it has ever 
been done before. You’ll find that Hunt S. C. E. 
@ Etches rapidly at room temperatures 
@ Has a high capacity for copper 
@ Never attacks the circuit 
@ Has guaranteed uniformity, and is of the highest 
quality because of rigid laboratory control 
Hunt S. C. E. is essentially an oxidizing solution with the 
capacity to keep the oxidized copper permanently in solution. 
Although many acids will etch copper, S. C. E. solution has 
the peculiar property of not attacking the solder... but giving 
fast, odorless etching of the copper. 
WRITE TO NEAREST HUNT BRANCH FOR: 


TECHNICAL BULLETIN NO. 1— “The Etching of Copper by Hunt 
R. C. E. Solution.” 


TECHNICAL BULLETIN NO. 3— “The Etching of Solder Plate Cir- 
cuit Boards by Hunt S. C. E. Solution” 


@ Substantial increase in 
capacity 


@ Freedom from fumes 


FOR SUPERIOR RESULTS AROUND THE CLOCK USE HUNT GRAPHIC ARTS CHEMICALS 


PHILIP A. HUNT 
COMPANY 


PALISADES PARK, N. J. 


BRANCHES IN PRINCIPAL CITIES 


in Canada: Philip A. Hunt Company (Canada) Ltd. 
77 Leslie Street, Toronto 


TURING © 
arf %¢ 
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WONDERFUL 


NEW 


FINGER GRIP 

CORD GUARD 
combined with 
PPO. ae ide d7 


““CORDINATING" 


... brings appliance manufacturers a heater cord 
set, with miniature plug, that’s 3 WAYS BETTER: 


UNIQUE FINGER GRIP 
neoprene cord guard 
molded integral with 
strain relief, directly to cord. 
Safe, sure, cool! 

IMPROVED STRAIN RELIEF 
engineered for extra holding power, 
pulling, yanking, twisting. 

BETTER CONTACT SUPPORT 


in phenolic plug; inner barriers hold contacts 
permanently in place. 


Cat. No. L-1106, 6’ type HPN complete cords (black) 
in stock; other lengths, special colors to order. 


against 


Write, we'll have our representative call. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


In California: 
Electric Cords & 
Supply Corp 
413 E. 3rd St., 
Los Angeles 13 


hu lh. 


.@n associate of 
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pump discharge may be rotated to any 
position. Available in %4 or 1/3 hp, 
3450 rpm, 110 or 220 volt, 60 cycle 
l-phase motor with rubber-mounted 
base and thermal protection. Therma- 
lair Engineering Co., 7535 W. Eight 
Mile Rd., Detroit 21, Mich. >592 


fan blows over cooling fins. Protective 
steel motor shrouds available. Lima 
Type E motors available from 1 hp, 
900 rpm (Frame 213) through 40 hp, 
3600 rpm (Frame 326 U). Lima Elec- 
tric Motor Co., Lima, Ohio. >593 


multi-post sockets. Fluorocarbon .Prod- 
ucts Inc., Camden 1, N. J. >594 


SENSITIVE THERMOSTAT 


Hydraulic bulb-type thermostat is rec- 
ommended for controlling ovens, water 
baths, incubators, sterilizers and re- 


TUBE AND TRANSISTOR 

SOCKETS 

Rectangular subminiature sockets for 
1 wired or printed-circuit applications 
have a Teflon insulator body which is 


lated units. Two individual switch car- 
rier arms on one sensing element may 
be used for setting two pre-selected 
temperatures for quick duplication, 
using one switch as control and other 
as overtemperature protection, or cy- 
cling two temperatures automatically 
when used with electric timer. Re- 
sponse sensitivity: +1 deg F to actu- 
ate control. Steel case is 214 in. wide 
x 43% in. deep x 4%4 in. high. Tem- 


MOISTURE-RESISTING 
MOTORS 
Re-rated NEMA TEFC 


through 40 hp, are for use in non- 
explosive atmospheres containing ab- 
normal moisture or quantities of dirt, 
metallic dust or other abrasives. Hori- 
zontal, wall, or ceiling mount. For all 
standard frequencies and voltages be- 
low 600 volts. Diecast aluminum rotors 
with dual fans are dynamically bal- 
anced, Double-width sealed ball bear- 
ings. Air from dome-protected external 


motors, 


(Continued on page 343) 


press fitted into mounting receptacle. 
The countersunk spring tension Series 
SX-423 socket contacts are of silver- 
plated and gold-flashed brass and have 
flared ends to facilitate tube or tran- 
sistor lead insertion. The contacts are 
set into the socket body at an angle to 
help keep transistor leads separated 
during assembly. Available in three- 
post, four-post, seven-post, and other 


STAFF MANUFACTURING 
ENGINEER 


Electronics Development 


ELECTRICAL PORCELAIN 


MADE BY DRY PROCESS METHOD 


Staff level position available for graduate electrical 
engineer capable of working outside of live authority. 
Position requires extensive experience in production engi- 
neering as related to the manufacture of electronic prod- 
ucts such as radar systems and other control systems. 
Responsibilities will include the development of manufac 
turing equipment, tooling and production techniques, as 
well as liaison between engineering and production. 


This is a high level, key position with a long term 
prime contractor for the AEC, involving the design, de- 
velopment and manufacture of extremely precise, complex 
electronic and electro-mechanical devices. Our continuing 
expansion program offers engineers “ground floor” op- 
portunities in what is essentially an engineer-managed, 
engineering corporation. Kansas City is a notably progres- 
sive city which features convenient living, modern un- 
crowded schools, moderate climate, recreational and cul- 
tural activities plus many other factors which 
and i contribute to pleasant living. As for salary, we'll pay 
specifications what it takes to get the man we need. Assistance pro 
gram for advanced study at local universities if desired. 
This is a truly exceptional opportunity . . . investigate 
it at once. Your confidential inquiry will receive ou 
prompt attention. 


To your 
blueprints 


New Jersey 
PORCELAIN 


COMPAN Y 


New York Ave. and Plum St., 
P.O. Box 908, Trenton 5, N.J. 


KANSAS CITY, MISSOURI 
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“DESIGNERS 
SPECIFY P.B's 
MR RELAY 
WITH 
CONFIDENCE 


for a host of control applications 


RELIABILITY coupled with low cost are two 
factors which place the MR series relays high on 
P&B’s best seller list. They are being used in a 
a ca ; : Temperature Range: 

multiplicity of designs... transmitters, street 
lighti = i ent ¢ | all t tarte t — DC —55 C. to + 85 C. 
ighting equipment and small motor starters, to fe a N3 AC —55°C. to +75°C 
name but a few. . . . fj : Pull-in: Approx. 75% of nominal de 

Both AC and DC models are available, with | voltage; 78% of nominal ac 
AC coils ranging up to 440 volts. All are adaptable voltage. 
for printed circuit mounting. The wide variety of iT" Weight: 4 ozs. 
contact arrangements include: : Dimensions: 2°" long x 2%" wide x 
SPST-NO SPST-NC-DB  DPST-NC — 3PST-N¢ 2° high. 
SPST-NC SPDT DPDT 3PDT Mounting: Two %" dia. holes. Can be 
SPST-NO-DB DPST-NO 3PST-NO : : adapted for printed circuits 


MR SERIES 


For more information about this medium duty, Oo CONTACTS: 
compact relay, call or write today—or get in touch 1 s Arrangements: Up to 3pdt. 
with the P&B sales engineer nearest you. See our ro) Material: 7%" dia. silver. (Others avail- 
complete catalog in Sweet’s Product Design File. | ’ able). 
Load: 8 amps @115 volts, 60 cycle, 
resistive. 


COIL: 


LM SERIES: Plote circuit relays — Max. Resistance: 34,500 ohms. 
similar to the MR. All sp and dp 


Power: 1.5 watts dc; 3.25 volt-amps ac. 
contact arrangements shown 


‘ilies dae aati. Cilla ade Will withstand up to 6 watts at 
; ; GENERAL SPECIFICATIONS: 25°C 


wound to specified resistances up * 
to 58,000 ohms max. Sensitivity Breakdown: 1500 volts, 60 cycle rms Voltages: Up to 110 volts dc; up to 440 


ranges from 15 mw min. (single *° between all elements. volts 60 cycle ac. 
pole) to 70 mw min. (double pole) 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


ty?) POTTER & BRUMFIELD INC. 


PRINCETON, INDIANA e SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 


IN CANADA: POTTER & BRUMFIELD CANADA, LTD., GUELPH, ONTARIO 
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THE WATIONAL SCENE 


ANGER 
im Ame VC) a 


“YOUR NEXT POLYESTER COMPONENT: 


mold it or machine it?’’ 


Get an unbiased answer from National because we work either way 


Giving the designer facts to help make the right design 
decision faster is perhaps our best ‘prod Offering the 
broadest line of plastic materials and services permits us to 
give impartial help. Take polyester glass mat 


If the facts about configuration, volume, performance, 
operating conditions and cost point to a molded polyester 
shape, we'll work from scratch—or from your drawings—and 
deliver 100% usable parts 


If the same facts point to a machined part, we'll work the same 
way and with the same results. In this case National can 
furnish four standard grades from which to select the one best 
material. GP-9100-A is our general purpose, medium cost 
sheet with good electrical and mechanical properties. GP-9104 
is also general purpose, but lower cost. GP-9202 is our flame 
resistant grade and best electrical grade except for arc resist- 
ance, GP-9204 is both flame and arc resistant, UL-approved for 
sole support of current carrying parts at temperatures up to 
150°C 

One more point, The problems inherent in machining poly- 
ester glass laminates have had a tendency to discourage some 
designers from considering it. We suggest that you bounce 
this headache out of your production facilities and into ours. 
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You see, we are interested in both your design and machining 
problems. Your component will be skillfully machined at one 
of our four complete, ‘'service-located"’ fabricating facilities. 


Send for our Polyester Technical Bulletin 1164 ‘ll be 
happy to include, also, data on the full line of National 
materials—over 100 grades. Write to National Vulcanized 
Fibre Co., Dept. C5, Wilmington 99, Delaw 


1. Silk screened sign 
polyester sheet. 2. Mold- 
ed _ weldor's helmets 
3. Polyester sheet, natu 
ral. 4. Polyester sheet 
black. 5. Molded radome 
cover for traffic radar de- 
tector. 6. Molded explo- 
sive powder bucket. 7. 
Molded photographic film 
splicer housing. 8. Ma- 
chined circuit breaker 
support bar. 9 Molded 
tray & lid. 10. Punched 
terminal boards. 11, 
Molded bread tray. 12. 
Punched electric arc sup- 
pressor. 13. Machined 
cam block 
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CHOUSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

PHENOLITE® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 


fabric, cotton and glass mat bases; 


phenolin, melamine, polyester, epoxy, 


‘Teflon’, or silicone resins. 

PEERLESS Electrical Insulation: coil, strip, 
corrugated. 
Extruded Nylon: 2 


pressure tubing, special shapes. 


grades; rod, strip, 


Polyester Glass Mat: 4 standard sheet 


grades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITI 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 
VAlley 
TWinbrook 
AUstin 
GArfield 
ERieview 
DAvis 
MAin 
UNiversity 


43-0393 
41-3500 
7-1935 
1-0632 
1-0240 
1-4386 
35-2077 
3-3632 
8-1308 
3-638] 
3-0291 
6-6995 
2-3594 
6090 


Baltimore 
Boston 
Chicago 
Cincinnati 
Cleveland 
Dallas 
Denver 
Detroit 
Griffin, Ga. 
Indianapolis 
Los Angeles 
Milwaukee 
New Haven 
Newark 

New York 
Philadelphia 
Pittsburgh 
Rochester 

St. Louis 

St. Petersburg 
San Francisco 
Seattle 
Wilmington 
IN CANADA: 
National Fibre Co. of Canada, Ltd. 


Toronto LEnnox 2-3303 
Montreal AVenue 8-7536 


a WATIONAL 


y’ VULCANIZED FIBRE CO. 


WAlnut 
RAymond 
BRoadway 
LOcust 
MItchell 
COrtlandt 7-3895 
SHerwood 8-0760 
FAirfax 1-3939 
Hillside 5-0900 
PArkview 5-957 
5-5505 
DAvenport 6-4667 
MElrose 2-7298 
OLympia 5-6371 


/ A 


In Canada: 


WATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 


MINGTON 99, DELAWARE 
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St., Blue Island, II. 


| perature ranges for 115 or 230 volts: | 


50 F to 220 F, or 100 F to 550 F. 
Blue M Electric Co., 138th & Chatham 
>595 


VERTICAL PUMP MOTOR 


Solid shaft motor (Unibase) 
dustrial short-coupled turbine pumps 
combines an electric motor, high base 
Motor has 


for in- 


and adjustable coupling. 


large side opening for easy access to 
coupling adjustable in one-sixth thread 
increments. Optional coupling space 
permits replacement of pump 
without’ removing motor, Other 
are normalized castings, 
conduit box and 
tected windings. Available in 
125 hp. U.S. Electrical Motors 
Box 2058 ‘Terminal Annex, 
Angeles 54, Calif. 


seals 

lea- 
tures split- 
dome asbestos-pro- 
714 to 


Los 


>596 


RECTIFIER PHASE-SHIFT 
CONTROL 


Peaking control for 
the General Electric silicon-controlled 
rectifier pulses of constant 
amplitude and 180 deg variable phase 
angle to control rectifier output pro- 


gate control ol 


provides 


maxi 
Four 


rectifier 


from zero. to 


d-« 


isolated 


protionately 
with 1 to 2 
trol windings 
power circuits. Loss of control signal 
turns off rectifier. Silicontrol time con 
stant, 1 millisec for current 
changes. One unit controls one half- 
wave or two full-wave rectifiers. Hei 
metically sealed; supplied for 400- 
cycle operation. VecTrol Engineering. 
Box 1089, Stamford, Conn. »597 


(Continued on page 344) 
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control 


New dual purpose 
single coil 
latching relay... 


" 


Series 48 


TOP RELIABILITY! 


2 amp. and 10 amp. Models 


Designed for trouble-free operation... 
the Series 48 relays feature AEMCO's pat- 
ented latching mechanism—for greater 
dependability than ordinary cam or rachet 
relays. Construction is rugged—latch action 
is positive! Contacts lock open or closed 
mechanically with a momentary impulse to 
relay coil. SPST up to DPDT—rated 10 amps. 
oat 115 V. SPST up to 4PDT—rated at 2 
amps, at 115 V. 


SPECIFICATIONS: CORE: Solid core, heavy 
copper shading ring. COIL: Vacuum varnish 
impregnated and baked—tested for 1000 V 
RMS breakdown. INSULATION: Standard 
NEMA Grade XXXP Phenolic. CONTACTS: 
%" dia. for 10 amp. models—fine silver or 
silver alloy. Ye” dia. for 2 amp. models— 
fine silver, gold alloy, or palladium contacts, 
All metal parts except stainless steel, cadmium 
plated with cronak finish. Latching members 
available with case-hardened parts if desired. 


For complete information on these Series 48 
Relays, write for descriptive data sheet. 


Need relays? 
ask 


AEMCO offers a complete line of 
relays in a wide choice of spring 
and coil combinations. operating 
potentials, and contact ratings. If 
one of hundreds of standard 
AEMCO relay types does not ex 
actly meet your requirements, we 
will be happy to design and manu 
facture a unit to meet or exceed 
your requirements. 


AEMCO also manufactures a complete line of Se- 
quence and Automatic Re-Set Timers, Time Switches 
and Sign Flashers. 

<—— = 
Pa —— 
7 We) ‘ 
/ 1TE TODAY 
Your inquiries ore invited. Ask for 
your free copy of Relay Catalog 
describing all standard relays inj 
es the AEMCO line "| 
~ oul 


ee ee ee ee 


EMD INCORPORATED 
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63 State St. « Mankato, Minn, 
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Laboratory 


and 


Engineering 
Equipment 


VARIABLE-FREQUENCY 
POWER SUPPLY 


Variable-frequency power supply VFS 
300 provides continuous output power 
of 250 va and may be used intermit- 
tently at 300 va. Output frequency is 
continuously variable from 45 to 2000 
cps with a variable output voltage of 
0-140 volts rms. It is completely self- 


contained and operates with 105-130 


volts a-c, 50-60 cycle input. Other fea- 
tures include dual negative feedback 
networks in the power amplifier for in- 
stantaneous control, all triode amplifi- 
cation, high-vacuum power output tubes 
and dual output for added convenience. 
Itek Corp., 1592 Trapelo Rd., Waltham 
5 1, Mass. ->598 


WATTMETER-VAR ADAPTER 


Model 100 wattmeter-var adapter for 
60-cycle measurements may be used 


with all dynamometer wattmeters and 
increases their value by allowing them 
to perform the functions of var-meters 
and power-factor meters in addition to 


344 


measuring watts, and without requir- 
alterations. The adapter 
indicates the nature of the load with 
regard to leading or lagging power 
factor and the amount of reactive volt- 
amp compensation for unity power 
is shown directly. It 
makes available the method of sub- 
stitution to standards for 
direct and accurate indication of in- 


ing circuit 


factor system 
resistance 


ductive and capacitive reactances. Vars 


Co., Box 272, Park Ridge, Il. >599 


PORTABLE OSCILLOSCOPE 


Model $31 wide-band oscilloscope, 
time-calibrated 1 psec/cm to 0.5 sec/em 
in 18 steps, voltage calibrated 100 
millivolts/em to 50 volts/em, has both 
automatic syne and trigger-level selec- 


tion as well as built-in sync differ- 
entiator and integrator. Rise time is 
0.06 psec with Jess than 2 per cent 
overshoot and a 1 volt, 60 cps square 
wave is included for checking calibra- 
tion. Cathode modulation is provided. 
Portable, 642 x 8% x 13% in. and 
weighs 16 lb. Built by Telequipment 
of London and distributed by Scopes 


Company, Inc., P.O. Box 56, Monsey. 


N24 ~>600 


QUIET AMPLIFIER 
Model 108 amplifier is an 


noise instrument for use as an ultra- 
sensitive preamplifier for null-detec- 
tion apparatus, a-c vacuum-tube volt- 


ultra-low 


meters, oscillographic and magnetic- 
tape recorders, medical and geophysical 
electronic instruments, accelerometers 
and many types of transducers. Fea- 
tures a gain of 100 over a frequency 
range of 1 cps to 1 mc per sec. The 
equivalent input noise is 1.5 microvolts 
max for a 10 ke bandwidth anywhere 
between 10 cps and 1 mc per sec, and 
4 microvolts max for a 100 ke band- 
width. Input impedance of 8 megohms 
minimizes loading of circuits under 
test. The 600-ohm output impedance 
is suitable for driving a wide variety 
of loads. A max output of 10 volts rms 
is available for high level applications. 
Zacharias Electronics Corp., P.O. Box 


172, Livingston, N. J. 601 


ELAPSED-TIME COUNTER 


A new contribution to the technique 
of gyro measurement and test is 
elapsed-time counter T-819 (illustrat- 
ed) used in conjunction with various 


electromagnetic pick-ofls. It is mounted 
on Sterling T-806 gyro test turntable 
and other precision gyro test equipment 
for use in accurately measuring table 
rate of rotation over a fixed angular 
table interval. Sterling Precision Corp., 
Instrument Div., 17 Matinecock Ave., 
Port Washington, N. Y. > 602 


COMPARISON BRIDGE 


Parameter deviations as small as one 
part in 10,000 may be detected be- 
tween electronic components with the 
LCR comparison bridge Model 544. 


It compares and measures resistances, 
capacitances and inductances over 
broad ranges at a frequency of 60 cps. 
Direct reading of percentage deviation 
reduces operator fatigue. Resistance 
limits that may be measured are 3 ohms 
to 5 megohms; capacitance limits are 
500 ppf to 1000uf; inductance limits 
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G-E RTV is an easily applied potting and encapsulating material. Tough, heat-resistant, resilient, it does not shrink or form voids during cure. 


New RTV silicone rubber trom G.E. 


CURES WITHOUT HEAT « LOW VISCOSITY ¢ SOLVENT-FREE « NO VOIDS OR SHRINKAGE 


MAY 1959 


CURES WITHOUT HEAT G.E.’s RTV (room tempera- 
ture vulcanizing) silicone rubber cures at room 
temperature in any time you select up to 48 hours. 
It comes in a wider viscosity range than any similar 
compound—from 250 poises (pourable) to 15,000 
(spreadable). Easily applied by pouring, 
dipping. spreading or with a pressure gun. 


poises 


WON’T SHRINK, VOID-FREE K'T\ 
100% solids (no solvents). They cure without 
shrinkage; form no voids; provide resilient, shock- 
absorbent protection against physical damage or 
moist and corrosive atmospheres. Tensile and tear 
strength exceed those of previously available mate- 
rials and are retained after prolonged heat aging. 


compounds are 


RESISTS HEAT ABOVE 300°C General Electric RTV 


silicone rubber keeps its high dielectric strength 
at temperatures above 300°C. It has the well-known 
properties of silicone rubber, such as ability to with- 
stand moisture. weathering, ozone. corona, oxidation 
and exposure to fuels and solvents, 


IDEAL FOR POTTING AND ENCAPSULATING General 
Electric RTV compounds flow easily into and around 
complex shapes. They are ideal for potting and en 
capsulating. Other uses include caulking and seal 
ing in hard-to-reach places. performing “on-the-spot” 
rubber 
cost plastic tooling. 


repairs. model making and molding in low- 


For complete application data, check Reader Service 
Card. If you'd like a sample for evaluation, drop us 
a note telling us about your proposed application. 


GENERAL @ ELECTRIC 


Silicone Products Dept. Section R6K59, Waterford, N. Y. 
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are 3 mh to 10,000 henries. The meter 
has five ranges, indicating full-scale 
differences of 1, 2.5, 5, 10 and 25 per 
cent. Accuracy on range 1 is +0.1 per 
cent. Bifilar 
provides 


transformer 
stability. 
switch or a foot-operated switch per- 
mits use of both hands and protects the 
meter circuit from overload while com- 
ponents are inserted or removed. Metro- 
nix, Inc., Chesterland, Ohio. > 603 


bridge-type 


improved Lever 


MINIATURE OSCILLOGRAPHIC 
RECORDERS 


Line of recorders can simultaneously 
handle 6 continuous analog data chan- 
nels plus 3 on-off channels for timing 
and event markers with an accuracy of 
better than 1 per cent. A typical model 
weighs 31% lb and is approx 614 x 4%4 
x 4 in. It provides continuous running 
time from 1 min up to 50 hr. The os- 


z 


pilot light 
with @ great 
future... 


The 


cillographs are suitable for laboratory 
research analysis projects, recording 
flight and performance parameters in 
aircraft and missile test programs. 
Output is a series of continuous light- 
beam traces which are recorded against 
a built-in base on photographic paper. 
Precalibrated input transducers permit 
quick interpretation of 
output trace without computation. Inter- 
nally mounted or external transducers 
available for operation with the oscillo- 
graphs. The oscillographs and the re- 


readout and 


cording elements operate from nominal 
28 volts d-c. The equipment will operate 
satisfactorily at 
20 g. Applied Science Corporation of 
Princeton, P. O. Box 44, Princeton, 
New Jersey. > 604 


accelerations up to 


DEVIATION TEST BRIDGE 


Deviation bridge Model 1505, for com- 
parison testing of resistors, capacitors 
and inductors, provides a test frequency 
of 10,000 cps and is useful for testing 
magnetic recording heads and audio- 
frequency transformers, Six-inch illum- 
inated meter is featured. Three inter 
changeable scales provide for direct 
reading of positive and negative devia- 
tion in impedance and phase (meas 
against a When 
calibrated by means of the built-in 


ured ) standard. 


‘2 


OMNI-GLOW 


PERMANENT PILOT 


Install it—forget it! Neon glow 
pilot light assembly outlasts 
associated equipment— 
provides life in excess of 
25,000 hours under most 


Speed Nut Pon - 461 


r= 


references, accuracy of impedance 
better than 0.03 per 
cent for deviations close to zero. Test- 
ing rates up to 4000 components per hi 
possible with accessory testing jigs. 


B & K Instruments, Inc., 3044 W. 106th 
St., Cleveland 11, Ohio. >605 


measurements 


DIFFERENTIAL VOLTMETER 


Measurement of a-c voltage differences 
is simplified by MV-212C a-c differen- 
tial VTVM. Designed for differential 
measurements from 0.7 my to 300 volts, 
in the frequency range from 20 eps to 


500 ke. Dual-range attenuators pro- 


ELECTRICAL COIL TNS 


7 


Cotton Interweave 
Form Wound 
High Temperature 


severe vibration and shock as- 
conditions. Completely sealed 
against ambient dust, or 
moisture. Extremely low 
current drain. Available in 
wide range of models... 


Ye) el ella 


Paper Interleave 


33920" 


| Encapsulated 


heed Length —4'%~ 
Sice 0 Myton Body 
Send us your coil 
ry oT iabileolit lar Mela lola 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 


Fast, simple, permanent mounting 
through single Y2” panel hole. Speed- 
nut supplied for tool-less attachment. 


WRITE FOR COMPLETE TECHNICAL MANUAL 
AND OMNI-GLOW CATALOG.. 


industrial Devices, Inc. 


EDGEWATER, NEW JERSEY 
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Mallory-Engineered Switch 
Gives Fingertip Control of Automobile ‘‘Weather’ 


Some of the latest luxury automobiles have an 
extra touch of comfort and convenience built into 
them, to which Mallory switch engineering has 
made an important contribution. At the turn of a 
dial on the instrument panel, the driver can select 
the interior weather he wants . . . air conditioning, 
ventilation, heating, and defrosting . . . all on a 
single control. 


The secret of this simplicity of control is a new 
Mallory selector switch, custom-designed for the 
automobile manufacturer. It has a total of 23 
positions with a special floating stop action, to 
provide exceptionally fine variations in tempera- 
ture and ventilation. The floating stop gives a 
safety factor, not previously available, which pre- 
vents accidental switching from heating to air 


MALLORY 


conditioning which might cause sudden coating of 
windows with condensed moisture. To guard 
against this hazard to the driver’s visibility, the 
switch is so designed that it must be returned to 
“no heat”’ position . . . pass through “‘ventilate”’ 
to clear out hot, moist air . . . then go to air con- 
ditioning. All this—in a space amply compact to 
fit into the tight quarters behind a dashboard! 


Perhaps you, too, have a product where Mallory 
ingenuity in switch engineering, and Mallory 
quality and economy in switch production, can 
help you incorporate extra value and performance 
features. For years we’ve been making special 
switches for leading manufacturers of appliances, 
automobiles, industrial equipment and elec- 
tronic products. 


Write or call us for a consultation. 


P. R. MALLORY & CO. INC. 
FRANKFORT, INDIANA 
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An intriguing topic for 
that engineering department 
training program... 


Human 
Engineering 
In 
Equipment 
Design 


Use as your “text book” the ELECTRICAL MANUFACTURING multiple reprint 
on Human Engineering. 

This 94-page handbook contains ten previously published articles on theory, tech- 
niques and practice of human engineering written for the special needs of the 
designer of electrically energized machines, equipment, appliances and instruments. 
Relationship between human engineering and broad aspects of reliability and main- 
tenance are discussed. Certain articles emphasize design case histories and anal- 
yses of specitic design parameters, including problems in military equipment, con- 
trol systems, data processing systems, special-purpose instrumentation, and training 
devices. Methods for setting up human engineering groups within an engineering 
organization are given. Tables of human engineering “do's and don'ts” and other 
practical design aids are provided. Contents include: 


Introduction to Human Engineering in Product Design 
Human Engineering in Control Systems 
Designing for Operator Size and Shape 
Human Engineering in Civilian Products 


Human-Engineered Electromechanical Tactual Sensory Control 
System 


Human-Engineered Design for Reliability and Maintenance 
Human Factors in Automaticity (an Editorial) 

Human Engineering in Equipment Design 

Your Product: How Light? How Small? How Compact? 
Design of Graphic Control Panels 


Price per copy $2.50. Use handy order form on page 222. 


Reader Service Department, ELECTRICAL MANUFACTURING 
1250 Sixth Avenue, New York 20. N. Y. 


(Special price on bulk orders.) 





vided are easily balanced by a common- 
mode rejection control for common- 
mode rejection ratios up to 100:1. The 
accuracy of the instrument is 3 per 
cent. Convenient conversion to a single- 
input a-c voltmeter is accomplished by 
shorting one input terminal. An am- 
plifier output permits simultaneous 
measurement and monitoring by an os- 
cilloscope. Input impedance for each 
input is 500 k ohms shunted by 20 pyf. 

Portable model is 13 in. high, 7 in. 
wide and 9 in. deep; weight 17 lb. Rack 
mounted model also available is 7 in. 
high, 19 in. wide and 9 in. deep. Milli- 
vac Instruments Div., Cohu Electronics, 
Inc., P. O. Box 997, Schenectady, New 
York. -> 606 


SIGNAL GENERATOR 


Model 606A signal generator cover- 
ing the broad frequency range from 
50 ke to 65 me is particularly useful 
in driving bridges, antennas and filters, 


and measuring gain, selectivity and 
image rejection of receivers and i-f cir- 
cuits, Output is constant within 1 
db over the full frequency range, and 
is adjustable from +20 dbm (3 volts 
rms) to—110 dbm (0.1 microvolt rms). 

Constant output impedance assures 
high measurement accuracy in the 
generator which may be modulated by 
sine waves and complex waveforms 
from d-c to 20 kc. Meter indicates per 
cent modulation. Output distortion is 
extremely low due to the use of a feed- 
back circuit. Internal crystal calibrator 
provides check points at 100 ke and 
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7 VT Rae TL 
resists ASRS IWVE 
AYMOSPHERES 


LIFE-TESTED in a wide variety of highly corrosive 
atmospheres, the UNIMAX Type SS has proved 
that its construction effectively seals out fumes 
and gases, to assure dependable operation even 
after long exposures, 


Mounting and outline 
dimensions meet MS-25085-1, 


Available with auxiliary 
actuators 


Electrical rating 

5 amp. 125, 250 volts a-c, 
Underwriters’ Laboratories 
listed 


Groups of these Type SS 
sealed switches combined 
with special actuating 
devices can be furnished 
Write for complete information. to your requirements. 


UNIMAX SWITCH 


4 , , / 
eee eee a iene 


IVES ROAD, WALLINGFORD, CONNECTICUT 





Tae AU ae ta 


\ IRE drawn to your specifications (down 


to .00025”) in base and precious metals 


and alloys . . 


amic insulated for use at 1000” F., or elec- 


troplated . . . to close tolerances. 


Our research and development staff is avail- 


able to solve YOUR wire problems. 


Write for data on your specific needs. 


SECON METALS CORP. <écon) 


PL BEANS Se tite kee te ee 
WHite Plains 9-4757 
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. supplied bare, enameled, cer- 


new 
COMMUTATOR LATHE 


TRIPLES * 


PRODUCTION 


SAVE 
on YOUR 
PRODUCTION 
cosTs... 


. with this Commu- 

tator Lathe — built to 

give you precision work and increased produc 

tion. It is especially designed for truing commu- 
tators and giving any desired finish. 


*In one week this Lathe increased 
production from 600 units to 2000 
units over the old method of truing 
commutators. 


Send for Catalog and Prices 


NEW YORK |N|Y)IAMOND TOOL COMPANY 
EXCLUSIVE DISTRIBUTORS 
S.E.M. COMMUTATOR LATHE 


360 GLENWOOD AVE. + EAST ORANGE + NEW JERSEY 
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CHOSEN 
TO PROTECT TINY 
“BRAIN” CELLS 


Engineers of one of the largest manufacturers of ‘‘brain'’ cells 
are enthusiastic over their STONIZED protective jackets for bobbin 
cores used in digital computer circuits. Reason: STONIZED jackets, 
easily and firmly forced over the cores, provide better protection 
than previously obtained with plastic. And it cuts material costs, 
saves labor, withstands greater heat. 

Improved coil forms for IF and RF coils, arc suppressors for line 
type fuses, are a few examples of STONIZED applications. Speci- 
fications: Inside Dia. 1/16” to 11%"; Wall Thicknesses, .006” to 
.125”; Lengths, 3/64” to 33”; Heat Resistance, 220° F. continuous. 

Stretch, strength and toughness are built into STONIZED jackets, 
bushings, sleeves or tubes by combining two selected insulating 
popers and o flexible resin impregnation. STONIZED solves 
difficult problems for many industries by combining the needed 
choracteristics of a wide variety of special papers and resins. 


WRITE TODAY FOR REPRESENTATIVE SAMPLES AND BROCHURE 


Stonized 


STONE PAPER TUBE COMPANY 


Division of Stone Straw Corporation 


900 Franklin Street, N.E., Washington 17, D. C. 
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1 me intervals with an error of less 
than 0.01 pe: cent. Hewlett-Packard 
Co., 275 Page Mill Rd., Palo Alto, 
Calif. ->607 


a THERMO- 
et i NYLON ¢ erastic 


PARTS from GS a 


: | IN-CIRCUIT 
TRANSISTOR TESTER 


Model 219A enables measurement of 


d 
7 the transistor beta parameter while the 


schews transistor remains in the circuit. Beta 


) and collector 
in one automatic cycle, 7 


gets accurate, uniform del 


parts, ready for immediate o 
use <>) 


These advantages, these WAGHERS 
economies, apply too, to 
tiny made.to-order parts to 
your specifications 

in quantities of 25,000 to 
many millions. Write for 
bulletin describing GRC‘s 
unique method for injection 
moiding small plastic 

parts or send prints for 


Economically mass produced 
on fully automatic 
patented machines, GRC 
nylon parts are available 
from stock in many sizes 
and types. GRC uses singic 
cavity techniques, molds 


leakage current param- 


GRC MOLDED NYLON 
SCREW INSULATORS 


These insulators and bushings are designed with wide 
flanges—larger than the head size of all standard com 
mercial screws—so that they will completely isolate the 
screw from its mounting surface. Molded of nylon they 
quotation. Ask about our have a low dielectric constant, relatively high dielectric 
zinc alloy die castings, strength resist high voltages at commercial fre 
too! quencies are particularly suited for screw insulator 


INSULATORS & 
BUSHINGS 


Ce? 
wD 


applications, where high tensile and torque require 
5 ments call for non-insulating screws. Natural 


NO SIZE TOO SMALL 


Maximum size 
1%,"' long-—.03 oz 


ly elastic and resilient, they can also be used 
as light-load bearings. Available from stock ? 


in V4" and Ye" lengths for use with screw a.” oo = 
sizes 24 thru 4 4 a 4 
— _ 
WRITE, WIRE, oo 
gi. 


Be sure to see GRC at wine tits 
the Design Engineer- 


ing Show 
of die cast and 


Booth 1524 molded fasteners. 
GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 
149 Beechwood Ave., New Rochelle, N. Y. * NEw Rochelle 3-8600 


PHONE NOW for 
GRC’s new catalog 


measured with the 
transistor removed from the circuit. 
Packaged in sturdy, compact carrying 
case, the unit operates from either 
self-contained battery supply or 110 
volts, 50/60 cycle supply. Sierra Elec- 
tronic Corp., 3885 Bohannon Dr., Menlo 
Park, Calif. > 608 


eters may be 
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MEGATROMETER 


Model 710 portable Megatrometer for 
resistance values 


“LITTEL PLUGS” 
“TWIN PLUGS” 


MIL TYPES 


the measurement of 
to 5000 million megohms, with accuracy 
in the upper half scale of +3.0 per 
cent, incorporates its own transistorized 
potentials to 


power supply for test 


“LITTEL PLUGS” 


Feature one-piece tip rod and 
one-piece sleeve and plug 
body. Internal interlock to 
prevent parts from shifting. 


“TWIN PLUGS” 


Two electrically independent 
2-conductor plugs assembled 
together into handles to pro- 


vide a double or ‘Twin Plug”. continuously variable. 


1000 volts d-c. 


Part No. 411 -- Type PJ-327 
Part No. 412 - - (Sim. WE 289B) 


Part No. 420-- Type PJ-047B 
Part No. 425 - - Type PJ-047R 
Part No. 482 -- Type PJ-051 


Strictly in accordance with NME MIL-P-642(A). 
Send for bulletin $-596 


LOOK TO 


SWITCHCRAFT FOR NEW PRODUCTS—NEW DESIGNS 


5539 N. Elston Ave. 
Chicago 30, Ill. 


Canadian Rep.: Atias Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS @ 
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Mercury cells provide voltage stability 
with less than 0.0005 per cent change 
per hr at 1000 volts. Repeatability is 
better than 0.2 per cent using standard 
resistors with the instrument which is 
used to measure insulation resistance 
in electronic components, motors, trans- 
formers and ceramic transducers, ca- 
pacitor leakage, volume resistivity of 
epoxies and the effects of ion migra- 
tion and radiation in nuclear research. 
Front panel controls and built-in cir- 
cuitry permit stabilization of low-leak- 
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Miniaturization of electronic 
components highlights need for 
Synthane plastic laminates 


Yesterday 


‘rhe tremendous increase in miniatur- 
ized electronic components emphasizes 
a need for the combined properties of 
Synthane laminated plastics. 
Miniaturization, as you know, reduces 
the insulated path between terminals 
or conductors, placing a premium upon 
the insulation resistance of the laminate. 


Printed Circuitry Adds to Problem 
Printed circuitry, the development that 
made so many miniature circuits pos- 
sible, also magnifies the insulation re- 
sistance problem because there is a 
temptation to save space by shortening 
the distance between conductors. And 
often the insulation resistance require- 
ment is complicated by printing on both 


Test for insulation resistance as conducted by 
Synthane Corporation. 


sides of the laminated circuit board. 


Other Properties Influence Choice 
of Laminates 
There are many other properties of a 
laminate which help to make miniaturi- 
zation practical. For example, minia- 
turization brings the holes for terminals 
closer together, a result usually accom- 


panied by a reduction in the size of 


holes. Punchability of the laminate, 
therefore, becomes an important con- 
sideration. Mechanical strength, after 
punchir.g, is also worth attention. 

In addition, climatic conditions 
greatly affect electronic equipment 
Frequently, laminated plastics must re 
tain their excellent characteristics even 
under the influence of heat, cold and 
change of humidities. 

Choice of a Synthane laminate with 
good insulation resistance will finally 
rest upon the atmospheric conditions 
of the application, mechanical, electri- 
cal and chemica! properties required, 
and, to a degree, upon the economics 
of the situation. 


Synthane Laminates 
for Insulation Resistance 
Usually high insulation resistant Syn 
thane laminates for printed circuits are 
processed with selected core and sur- 
face sheets to obtain the proper balance 
of electrical and moisture resistance 
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values and to provide an excellent bond- 
ing surface for the metal foil. 

Synthane Grades G-10 and G-11 
(glass epoxy grades) are the top plastic 
laminates for insulation resistance. G-11 
is the stronger flexurally at elevated 
temperatures. Synthane Grades X X XP, 
XXXP-IR and P-25 have very good 
insulation resistance, and are easier to 
machine and cost less than the epoxy 
grades. Grade P-25 may be cold punched. 
Where there must be high impact 
strength as well as good insulation re- 
sistance Grade N-1 may be the logical 
choice. 


Applications: Among the high insula- 
tion resistance applications of Synthane 
laminates are wiring cards for com- 
puters, printed circuits for television, 
switch rotors, automation circuits, au 
tomobile dashboard wiring. 

You are urged to write directly to us 
or to call in a Synthane representative 
for help in choosing the proper grade 
for your application. 


SYNTHANE 


CORPORATION, Ss OAKS, PENNA. 
Laminated Plastics for Industry 


Sheets, Rods, Tubes, Fabricated Parts 
Molded-laminated, Molded-macerated 
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Dependable when the going Is tough! 


gen, eae ie 


Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 


Hermetically sealed, miniature 
relays that combine compactness, 
dependability, ruggedness with 
minimum weight. Type M relays 
meet all critical military and com- 
mercial specifications. 
Type M relays bring you all these 
features: 
Heavy Duty Contacts 
a—120 V. A.C.—10 amps, 
non-inductive 
b—28 V. D.C.—5 amps, 
inductive 
c—28 V. D.C.—10 amps, 
non-inductive 
Rotary Action 
dynamically balanced armature 
Special Contacts 
for dry circuit applications 
Special Mountings available 
Wide Variety of header types 
Basic Dimensions 
1%” x1” x 1-3/16” dia. 
Contacts: %” x %” x .047”. 
Weight: 4 oz. 
Write for full details. Kellogg will 
gladly design relays to meet your 
own specifications and operating 
conditions. 


Chicago 38, Ill. Communications division of 
international Telephone and Telegraph Corporation. 


Manufacturers of : Relays * Hermetically Sealed Relays + Switches 


Miscellaneous Telephone Type Components 
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age capacitors in a fraction of the time 
normally required. Dimensions, 13 x 
21.5 x 15 in. Weight, 40 lb. Mid-Eastern 
Electronics, Inc., 32 Commerce St., 
Springfield, N. J. > 609 


D-C POWER SUPPLIES 


Model MD line of rugged, heavy-duty 
d-c power supplies consists of con- 
servatively rated magnetic-type voltage 
regulators, full-wave silicon-diode recti- 
fiers, and capacitive input filters. Can 


be supplied with output voltages rang- 
ing from 2.5 to 1000 volts d-c, with 
power capacities of 25, 50, 100, 200, 
400, 750, 1500 and 3000 watts, in 19-in. 
rack-panel mounting for all units. 

The magnetic regulator which com- 
pensates for line changes, plus the low 
voltage drop in the silicon rectifier 
gives excellent voltage regulation with 
a minimum of circuit complexity. 
Sorensen & Company, Inc., Richards 
Ave., So. Norwalk, Conn. >610 


TOROIDAL WINDER FOR 
POTENTIOMETERS 


Micafil automatic toroidal winder RWP 
for high precision potentiometers (sine- 
cosine and linear) has automatic shut- 
off for a pre-set number of turns and 
features adjustable wire tensions, auto- 


matic direct-reading winding speed, and 
provision for both continuous and sec- 
tor windings of one or more layers. 
Sectors can be wound up to a max of 
300 deg. It handles wire diameters 
from 0.0008 to 0.004 in. in steel alloy 
and 0.0016 to 0.006 in. in copper. Wind- 
ing speeds adjustable from 0 to 250 
rpm and feed of cores is adjustable in 
steps of 0.00004 in. to a max of 0.024 
in. per revolution of the magazine. Core 
sizes range from 0.28 to 4.33 in. inner 
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HIGH TORQUE — SMALL SIZE 
MODEL “GS" 


electro-magnetic disc 


CLUTCH 


Sets new standards of 
reliability and mainte- 
nance convenience. 


TORQUE RANGE — 
Dry —12 to 1260 Ib ft 
Wet (oil) — 
16 to 1140 Ib ft 


SIZE RANGE — 
Diameter—41/. to 
9, inches 
Length—3 1/2 to 6 inches 


WEIGHT—11 to 79 Ib 


New, High Torque, Stearns Model GS Clutches — $ave on $pace.. . 
$ave on installation . . . $ave on maintenance . . . $ave on machine 
downtime . . $ave on faster, smoother, more efficient machine opera- 
tion . . . $ave on longer life — low-cost ‘‘wear'' elements can be re- 
placed ‘‘quick-as-a-wink’' with just a screw driver as your complete tool kit 
$tart Saving Right Now by calling your local Stearns representative. Or 
write, stating your specific requirements, directly to Stearns 


For Superior Performance... Specify Stearns! 


Request Bulletin 226-E 


ELECTRIC CORPORATION 
120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 
Phone: BRoadway 1-2200 
Circle 358 on page 17 


FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
Insulation _— 
Small or Lar 
Screw Hole. or 
Standard, Extra 
EASY TO APPLY NO ou REQUIRED Flexible Strand- 


C Q — Solid Wire 


eoOOOTOo 


Weite for Bulletin OF IT aren iam | fe 
1043 EVANS STREET. CINCINNATI 4, OHIO \ | 
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Electrical Manufacturer 


WANTED: License to manufacture 
your product in West Germany 


Old established manufacturer of a full line of small 
transformers and ballasts, with complete fabrication 
equipment including enamel wire manufacturing, is 
looking for a product line not generally available in 
Germany. Ideally, we’d like to be licensed on an ex- 
clusive basis to distribute any product compatible 
with our facilities. Our plant is modern and our people 
are experienced. Write us, and let’s see if we can do 
business. We are in a suburb of Frankfurt. 


MAY & CHRISTE, GmbH 


Oberursel (Taunus)., Zimmersmuhlenweg 11/12 
Federal Republic of Germany 
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NOW! 


An electric counter 
that can be 


RESET DURING OPERATION 


without damage... 


INN GS 


Series 100 


High-Speed, Quick Reset 
Electric Counters 


Electrical 
reset 


@ Here is the ultimate in 
high-speed electric counters for use in 
applications demanding speed, accuracy and 
quick resettability. 


Check these features: 


¥ Low noise level during operation 
Vv Large, easy-to-read figures 
Vv Dust-proof case 
¥ Instantaneous reset even during operation 
v¥ Choice of base or panel mounting 
¥ Choice of manual or electrical reset 
¥ Available with 4 or 6 figures 


Manual reset 


Write for FREE LITERATURE, 


INTIMEX 
Cc oO RPO RATI oO N Richardson Bldg. 


Bonifant & Fenton Sts., Silver Spring,Maryland, (Washington, D.C.) 


Sales Engineers in: Worcester, Mass., Hartford, Conn., New York, N. Y., 
Philadelphia, Pa., ogeeere, Md., Winston- Salem, N. ¢.. St. Petersburg, 
Fla., Rochester, N. Cleveland, Ohio, Cincinnati, Ohio, Detroit, Mich., 
Chicago, III., Dallas, 4 Los Angeles, Cal, 
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diam with a max height of 0.78 in. and 
a max core width of 0.315 in. Carl 
Hirschmann Co. Inc., 30 Park Ave., 
Manhasset, N. Y. >611 


RASTER TIMER 


Expanded sweeps with no loss of detail 
on either side of the observed event 
are possible with these instruments. 
Applicable for 


studying phenomena 


occurring in the time scale from 10 
millisec to 50 sec, these units provide 
a sweep raster of ten traces on a d- 
oscilloscope. Traces are time-calibrated 
with controlled markers. Bandwidth is 
d-c to 200 ke. The 101 Series raster 
timers are available in two models with 
total sweep length from 10 to 100 milli- 
sec and | to 50 sec. They provide 5-in. 
oscilloscope tubes with about 40 in. of 
effective trace per raster. American 
Electronic Laboratories, Inc., 121 No. 
7th St., Philadelphia 6, Pa. »612 


ELECTRICAL Spee! 
PORCELAIN 


AS AND WHEN YOU WANT IT 


SURFACE-TEMPERATURE 
METER 


Model DTF Royco Pyrotem surface- 
temperature meter, automatically com- 
pensated for ambient temperature, is 
available in ranges 0-300, 0-450, and 
0-650 F. Non-compensated type for 
relative temperature readings, Model 
ETF, is available in the 0-200 C range 
only. Of special interest for checking 
operating temperatures of electronic 
components is a 15-deg side-reading 
probe for hard-to-reach surfaces such 
as those of resistors and capacitors on 
parallel mounting boards. All types 


rf 


are self-contained and ultimate temper- 
ature response is attained in 3 to 10 
sec, depending on the surface char- 
acter. Royco Instruments, Inc., 874 


Fabian Way. Palo Alto, Calif. >613 


ZENER VOLTAGE TESTER 


Zener voltage tester Model DT100 
provides direct and accurate readings 
of zener voltage and tests for other 
parameters over a wide current and 


voltage range. It incorporates a con- 
stant-current generator which main- 
tains zener current constant independ- 
ent of diode impedance. Provision is 
also included for external modulation 
and a-c readings so that a-c zener im- 
pedance can be determined for any 
zener current setting. Zener voltage is 
displayed for any given current setting 
by connecting the semiconductor com- 
ponent across designated binding posts. 
The instrument includes separate 
meters for reading zener current and 
zener voltage. Zener current may be 


set at any value within the ranges 0-50 


Specify... 


Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
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Send for 
literature 


CONNECTORS 


Electrical Equipment, 
Appliances, 
Industrial Machines, 


Sound Systems, etc. 
Features: 


1. Multiple unit construction per- 
mits the designer to specify the 
exact number of connecting links 
desired with resultant economies 
in space and cost 


. The long creepage distances em- 
bodied in the modular construc- 
tion permits maximum power 
applications in high density pack- 
aging requirements. 


. Ribbon type plug blades are en- 
gaged in wiping socket contacts 
and the spring characteristics of 
both members provide easy inser- 
tion and withdrawal with low 
contact resistance ratings. 


. Printed circuit card receptacle 
types (as well as rack and panei 
variations) available with right 
angle and in-line terminals. 


Manufacturing Corp. 
7447 W. Wilson Ave., Chicago 31, Ill. 
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systems offer you 
the widest recording ranges available 


Versatile “recti/riter” recorders, both Single and Dual 
channel, have established new standards for reading 
ease, full-scale accuracy, and up-front operator conven- 
iences. Now, the applicability of the “recti/riter,” or other 
graphic recorders of one-milliampere sensitivity, is ex- 
tended to the widest practical limits by the use of Series 
300 accessories, which presently include models: 

301 DC AMPLIFIER 353 LINE VOLTAGE MONITOR 
350 MULTI-VOLTAGE MONITOR 354 LINE CURRENT MONITOR 
351 AC MULTI-CURRENT MONITOR 333 LINE SERVICE MONITOR 


352 LINE FREQUENCY MONITOR (a single-package combination 
of 352, 353, and 354) 


Only the “recti/riter’” systems, recorders and match- 
ing accessories, offer these wide ranges for recording 
electrical parameters: 
10 millivolts to 1000 volts... 
500 microamperes to 1000 amperes... 
Monitor standard frequencies—40, 60, 400 cps. 


°|} TEXAS INSTRUMENTS 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY 


* HOUSTON, TEXAS + CABLE: TEXINS 


FULL SCALE RANGES—Accessory scales give quantities 
per division equal to decimal multiples or sub-multiples of 
1, 2, and 5 in keeping with standard 50-division chart 
of recorders. 

ACCURACY—Combined recorder-accessory response departs 
from true value at any point not more than 2 per cent of 
the full scale value. 


POWER REQUIREMENTS—No auxiliary power required 
for transducer accessories .. . a 45-volt battery or optional 
AC supply is used with the DC Amplifier. 


SIZE—Aluminum cases 242” H., 742” W., 10” D. (Monitors 
may be mounted inside as integral part of recorders.) Mount- 
ings are available for relay racks, flush mounting, portable, 
or desk use. 

To select the “recti/riter” recorder-accessory system that 
meets your exact measurement requirements, let TI give 
you complete technical assistance . . . write or call today! 


OTHER TI/1ID PRODUCTS 
* Complete Geophysical Instrumentation 


* DATA-MAC Measurement and 
Control Systems 


* Automatic Test Equipment 
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OLIN at 


Ask for 8-page Switch Bulletin RC-11D 


World's largest slide switch line over 12 low cost 


tandard type dozens of economical adapta o 
ss 
trons. NEW colored knobs. Special conventional and en 
miniaturized switches designed and produced for «i 

t 


large quantity users Electronic Components Division 


STACKPOLE CARBON COMPANY. St. Mary Pa 
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pamp, 500 pamp, 1 ma, 10 ma and 50 
ma. Zener voltage range covers 0-1, 
3, 10, 30 and 300 volts d-c. Housed in 
portable carrying case. Electronic Re- 
search Associates, Inc., 67 Factory 
Place, Cedar Grove. N. J. >614 


RELAY LIFE-TEST 
GENERATOR 


Portable test set Model 25 presents a 
new method of operating relays and 
other magnetic actuators under life 
test. A cycling transistor switch is 


combined with a d-c supply to generate 
pulses of up to 4 amp peak. Three 
square wave frequencies and one short- 
duty pulse wave are available. Peak 
output voltage adjustable from 6 to 35 
volts. Input is 115 volts to 60 eps. 
The unit is housed in a hardwood case 
114% x 9x Yin. Crane Electronics Co., 
4345 Hollister Ave., Santa Barbara, 
Calif. >615 


MICRO-MICROAMMETER 


Micromicroammeter MV-11D, having 
2 per cent full scale accuracy, is capa- 
ble of d-c current measurements from 
10 ppamp to 10 amp. All ranges are 
left zero, no biasing to a mid-zero being 
required. Only one range - selector 
switch is used. Polarity indication is 
controlled by a plus-minus switch, 
eliminating lead changing. An ampli- 
fier output provides 2.5 volts at 0.5 ma 
for full scale deflection on any range. 
Instrument has 22 ranges: 100 pyamp 


ELECTRICAL MANUFACTURING 








ADVERTISEMENT 


Higher-Temperature Capacitors: 


New Dielectric Materials Help Break the Heat Barrier 


By 


Special Mylar*, Teflon} and mica 
constructions permit continuous 
operation up to 600°F 


Three new types of special high-tempera- 
ture motor-starting capacitors, utilizing 
Mylar, Teflon and mica dielectric respec- 
tively, have been developed recently by 
Airborne. The Mylar and Teflon types 
are wound of very thin metallized film 
for greatest possible miniaturization. 
The mica type is wound of a sandwich 
of aluminum foil and thin, pure mica 
ribbon, metallized mica not being pro- 
curable. All are encapsulated with 
thermoplastic polyamide or thermo- 
setting epoxy resins (depending on 
temperature range) in sealed, cold- 
drawn steel cans with fused glass termi- 
nals. This construction provides low 
inductance units of exceptional mechani- 
cal sturdiness and environmental re- 
sistance. 

As an alternate construction for less 
demanding applications, encapsulation 
in epoxy sleeves, with leads brought out 
through potted ends, is also available. 
Mica for highest temperatures 

The great advantage of mica as a die- 
lectric is its ability to maintain its phys- 
ical and electrical characteristics at tem- 
peratures up to 1000°F. All dielectric 
materials undergo severe reductions in 


Mare 


F. Warmuth, 


insulation resistance at high tempera- 
tures, but with mica the critical value 
is reached around 600°F. Full voltage 
ratings up to this point are thus permit- 
ted. And with the right epoxy resin 
impregnant, mica capacitors are well 
able to withstand overtemperatures 
without damage...if not simultane- 
ously subjected to full rated voltages. 


Mica capacitors are three to four times 


larger than Mylar or Teflon units of 


comparable capacitance and voltage 
rating. This is because a greater thick- 
ness of dielectric must be used in addi- 
tion to a separate layer of aluminum 
foil. 

Mylar and Teflon for intermediate 

high temperatures and small size 


Mylar can be worked continuously up 
to 300°F and Teflon up to 400°F. For 
applications below these limits, but 
above the normal 185°F limit of more 
conventional insulating materials, metal- 
lized Mylar and Teflon offer high dielec- 
tric strength, They make possible 
wound capacitors of very small size 
with good voltage ratings and excellent 
capacitance-to-volume ratios. 


A further advantage of metallized 
Mylar and Teflon capacitors is their 
self-healing characteristic. The short 
occurring when the dielectric is ruptured 


Staff Engineer, 


Airborne Accessories Corporation 


instantly burns the thin metallic coating 
back from the edges of the rupture, 
making further flashover impossible. 
Yet the amount of metallic coating 
burned away is so minute that hundreds 
of such self-healings have little effect 
on capacitance. Resistance to 
voltages can thus be 
cellent. Resistance to over/emperatures, 


over- 
considered ex- 


on the other hand, is not an outstanding 
characteristic of Mylar or Teflon—a 
design factor to keep in mind. 
Summary 


MYLAR: For intermediate high tempera- 
tures, high voltage and smallest size. Con- 
tinuous Operation at 300°F with ratings up 
to 1000 WVDC. Capacitance variation with 
temperature good, but not as good as that 
of Teflon or mica types. 


FEFLON: For intermediate high tempera- 
tures and small size. 600 WVDC up to 
400°F without derating. 


MICA: For highest temperatures. 
tinuous operation, 600 WVDC without 
derating up to 600°F. Higher temperatures 
possible with derating. Larger in size than 
equivalent Mylar or 


Con- 


Teflon capacitors. 


For proposals on your specific capaci- 
tor requirements, write AIRBORNE 
ACCESSORIES CORPORATION, 
HILLSIDE 5, N.J. 


*DuPont's tm for ita polyeater film 
tDuPont'’s tm for ite tetrafluoroethylene resin 


CAPACITANCE itl WITH TEMP. TABULATED CHARACTERISTICS—AIRBORNE SPECIAL HIGH-TEMPERATURE CAPACITORS 
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100 200 300 400 500 600 
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MYLAR 


Wound, Metallized 
Mylar Filrr 
Working temp. range 65 to + 300°F 
(-55 to + 150°C) 


Voltage ratings 200-1000 WVDC 


Capaci itance r ange 


01 mfd up 


Capacitance variation 
with temp 


Very good to 150°F 
Good 150-300°F 


Insulation resistance 
10 meg x mfd at 257°F 


4000 v/mil 


Capacitance change vs time 
at max. working temp 


Overvoltage resistance 


* cap. CHANGE 


Excellent 
(Self-healing) 

Short-time exposure Poor 

to overtemperature 


Circle 333 on 


50,000 meg x mid at 78°F 


TEFLON MICA 


Wound, Metallized Wound Alum. Foil 
Teflon Filrr with Mica Ribbon 


65 to + 400°F 
(-55 to + 205°C) 


65 to + 600°F 
(-55 to + 315°C) 


200-600 WVDC 200-600 WVDC 


01 mfd up 01 mtd up 


Excellent to 250°F 
Very good 250-400°F 


Excellent to 350°F 
Very good 350-600°F 


500,000 meg x mfd at 78°F 
75 meg x mfd at 300°F 


10,000 meg x mfd at 78°F 
4 meg x mfd at 600°F 


1500 v/mil 1000 v/mil 


fo—__4 1.1 KL iF | 3 4x\ 
1.1xD 3%4xD 
‘ oS ee 

5%, or less 


after 250 hr 


5%, or less 
after 250 hr 


Excellent Non-self-healing 


(Self-healing) 
Poor Very good 
with derating 





Web Controls foil winding machine taken at 
Lyons Machine Co., _ Paterson, New J 


5 dee 


There is no equal to the Frankel System! 


© ONE MONTH UNCONDITIONAL GUARANTEE 

© ONE YEAR NORMAL OPERATION GUARANTEE 

© NATIONWIDE SERVICE © MAINTENANCE FREE 

See demonstration of gauges of Torque and Servo control at Booth 
#407, 1959 Design Engineering Show, Convention Hall, Phila., May 
25th-28th. Write for complete set of engineering data "Kit 24" on this 
and other Frankel Units on your letterhead. 


Proven Best For Web & Filament Machinery Since 1934 


WEB CONTROLS corp. 


318-22 Briarcliffe Road, West Englewood, N. J. 
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MINIATURE TERMINAL BLOCKS for 


PRINTED WIRING 


You can simplify those external connections to printed-wiring boards, no matter how 
jammed up. Kulka Type 520 miniature terminal blocks mount on board, with terminal 
pins slipping into standard connector mounting holes for dip soldering. Screw connec- 
tions for external leads. Readily connected or disconnected. Available in 2 to 24 
terminals. Entire printed-circuit board with terminal blocks and lead wires, can be 
encapsulated if desired. 


WRITE FOR LITERATURE... 

Descriptive bulletin on request. If you do 

not already have the big Kulka Terminal Block 
Catalog in your reference file, ask for it. 


KULKA ELECTRIC CORP. 


633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 


Circle 367 on page 17 


full scale through 10 amp, with total 
of 23 separate calibration controls, one 
for each range. Features an armor- 
hide-surfaced case, functional recessed 


| panel, a mirror-scale indicating meter 
| and plug-in chopper. Power supply 
iz : : Daan 
| is separated for better shielding. Port- 


able model is 12 in. high, 8 in. wide 
and 9 in. deep; weight, 25 lb. Rack- 


| mounted version also available is 7 in. 


high, 19 in. wide and 9 in. deep. 


| Millivac Instruments Div., Cohu Elec- 
| tronics, Inc., P.O. Box 997, Schenec- 
| tady, N. Y. >616 


| A-C VOLTAGE DIVIDER 


Ultra-linear a-c voltage divider Model 
DT-72 Dekatran is now available to 
measure voltage ratios with a linear 
accuracy of better than 0.0001 per cent 


(1 ppm). Toroidal transformers are 
combined to provide seven decades of 
accurate voltage division with accuracy 
maintained over a wide range of audio 
frequencies, input voltages and ambient 
temperatures. Unit uses an in-line dial 
configuration for ease of operation and 
reading and provision is made for 
mounting in a standard relay rack. 
Electro-Measurements, Inc., 7524 S. W. 
Macadam Ave., Portland, Ore. >617 


LABORATORY POWER SUPPLY 


Laboratory power supply Model 62-120 
has a voltage range from 3 to 1000 volts 
d-c, providing high versatility. Unit is 
continuously variable throughout the 


range with one twist of the knob. Ver- 
nier voltage control permits _ fine 
settings. No derating is necessary, as 
the full 500 ma output current can 
be drawn from this supply at any 
voltage setting down to the lowest. A 
second output supplies 6.3 volts a-c at 
10 amp. Regulation is excellent for 
load: 450 mv or 0.045 per cent, which 
ever is greatest. Regulation for line: 
0.045 per cent or 450 mv, whichever 
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FIELD-PROVED HONEYWELL COMPONENTS 


for measuring, balancing and positioning applications 


CONVERTERS 


These synchronously driven choppers 
handle d-c signals as small as 10-8 volt. 
Sensitive, stable performance. Avail- 
able with special features such as 
fungus proofing, grounded housing, 
mica-filled base, various contact per- 
centages. Weight: 10 0z. Prices from $39. 


MOTORS 


Designed for chart drives, servos and 
balancing circuits, these motors are 
available in three general types: Stack 
type, with easily maintained sectional 
housing: self-lubricated, oil-sealed type; 
and fungus-proofed, oil-sealed military 
motors. Prices from $40. 


AMPLIFIERS 


They amplify a d-c or a-c microvolt 
input signal sufficiently to drive one 
field of a two-phase balancing motor. 
Three stages of voltage amplification 
are followed by the power-output 
phase discriminator stage, which sup- 
plies power for the motor. Extremely 
low stray pickup . . . adjustable sensi 
tivity . . . fast response. Priced from 
$110 to $250. 
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Modulation Frequency 20-30 cycles 40-45 cycles 


ELECTRICAL CHARACTERISTICS 


Part No. 354210-2 | 354210-3 | 354210-1 ‘354210-4 | 355081 
59-65 cycles | 50-65 cycles 360-440 cycles 
Switching Action (SPDT) (Make-before-break) (Break-before Each contact 
Each contact closed 55% of each cycle make). Each closed 57% of 
(+ 2%) Other actions, as specified contact closed each cycle 
47% of each (+ 7%) 
a 5 ae ania eatitn all 
Driving Coil Requirements 6.3 v, 60 ma at rated frequency 18 v, 94 ma 
at rated 
frequency _ 














Contact Ratin 100 microwatts at 6 v max.; 1.0 ma max. = 


Electrostatic Stray Pickup 2 x 10% volts per ohm of input circuitimpedance L 2x10" 

Electromagnetic Stray Less than 2 x 10° volts, constant to within 2 x 10 2 x 10° volts 

Pickup a to 
2x 10° 











Phase Shift ~ Output voltage lags driving phase by 7? +° : } ‘Lags driving 
phase by 45 
to 5 


Symmetry = Within 2% FS , Within 7% 


Shielding Frame and coil shield, grounded through pin No. 2 Shell and coil 
shield, grounded 
through pin 
No.2 


is ; ~ Resistive or Inductive cs = cE 
Vibration Resistance Output voltage varies less than 2% with rates of vibration from 0 to 10g 





Nominal Intermittent ° Continueus | Power Current 
No Load PLM. R Rated Load Torque Watts) (emes.) 
RP.M * a (oz.—in.) é . (oz—in.) | Loaded oaded 


Two Phase Induction Motor 


44:] 4 10 0.114 
10:1 20 0.114 
30:1 60 0.111 
60:1 : 110 


Synchronous 


*1/6 less at 50 cycles {Field winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 
All motors are available in two phase and synchronous models 


Sensitivity Nominal Input Impedance 
(Microvolts) (Ohms) 


4.0 400, 2,200, 50,000 
1.0 400, 7,000, 50,000 
0.4 400, 2,200, 7,000 
0.1 2,200 


POWER SUPPLY—115 v., 60 cycles (fused power line) 

OUTPUT—?2 to 18 ma. into 12,000 ohm load 

SENSITIVITY —Continuously variable screwdriver adjustment. Recessed slot protects 
setting 

MOUNTING— Operation unaffected by mounting position 


OPTIONAL FEATURES—(a) thermocouple burnout protection, (b) without de- 
sensitizing adjustment, (c) parallel T feedback, (d) velocity damping, (e) special 
connecting cables and plugs, (f) without tubes, shields, and converter, (g) for 25 cycles. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
(aie ox Cot 
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An engineer probes radiated interference from an aircraft hoist in the Los 
Angeles laboratory of Sprague’s Interference Control Field Service Dept. 


Improved Service For 
Radio Interference Control 


Fast-growing Department of Sprague Electric Company 
Greatly Expands its Measurement, Control, and Consulting 
Engineering Facilities to Provide Fast Service. 


Contractors responsible for 
the design and manufacture of 
electric/electronic equipment 
and weapon systems which must 
conform to military interference 
requirements will get a major 
assist from Sprague Electric's 
expanded industry service in the 
field of r-f interference and 
susceptibility. 

The service includes: inter- 
ference and susceptibility meas- 
urements up to frequencies of 
10,000 mc; complete analysis of 
all test results; and comprehen- 
sive recommendations of appro- 
priate control techniques to 
bring about a suppression system 
having the lowest weight, the 
lowest cost, and the greatest re- 
liability. 

Sprague’s consulting service 
applied at the design stage al- 
ready has proven to be the best 
approach to interference and 
susceptibility control. Experi- 
enced Sprague engineers invari- 
ably save valuable time in the 
preparation of test plans and 
their subsequent approval. 
Sprague engineers prefer to 
work from the design concep- 
tion, analyzing original schema- 
tics and equipment drawings. 
This permits them to recommend 
optimum shielding, isolation, 


and decoupling techniques be- 
fore cases and layouts are final- 
ized. Space allowances for 
suppression Components can be 
made with proper attention to 
economy of weight and cost. 

Once the equipment reaches 
the prototype stage, Sprague 
specialists will conduct tests 
either in the manufacturer’s own 
plant or in one of Sprague’s in- 
terference laboratories. Sprague 
will also direct compatibility 
tests on end equipment or com- 
plete weapons systems, and rec- 
ommend solutions to any inte- 
gration problems which might 
develop. 

Sprague Interference Control 
Laboratories are located on the 
Pacific Coast, in the Mid-West, 
and on the East Coast. These 
laboratories are staffed by top 
interference and susceptibility 
control specialists, and are 
equipped with the most advanced 
instrumentation and model shop 
facilities. 

For further information, write 
to Interference Control Field 
Service Manager, Sprague Elec- 
tric Co. at 12870 Panama Street, 
Los Angeles 66, California; 
224 Leo Street, Dayton 4, Ohio; 
or 307 Marshall Street, North 
Adams, Massachusetts. 
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is greatest. Max ripple: 8 mv rms. 
Unit is 19 in. wide x 17 in. deep x 101% 
in. high and weighs 118 lb. Both meters 
are on the left and the knob is on the 
right. Dressen-Barnes Corp., 250 N 


Vinedo Ave., Pasadena, Calif. >618 


ROTARY TEST HEAD 
Rotary test head, Model THM 101, 


designed to permit rapid and accurate 
indexing of shaft 
components such as potentiometers, re- 


position on rotary 


solvers, synchros, etc., consists of a 
precision gear fixed to a shaft and 
chuck. The wheel can be positioned 
in half-deg through a_ rack 
engagement. A micrometer advance on 
the rack mechanism permits fine 
phasing to within 4% min. The repeat- 
ability of settings is to within one part 
in 200,000. 

Supplied with a case-holding nest 
carrying pilot diameters for standard 
potentiometers. Adapters of 
types to accommodate special com- 
ponents, also optical alignment fixtures 
for adapting the unit to the calibration 
of dials. Millitest Corp., 88 Madison 
Ave., Hempstead, N. Y. >619 


steps 


various 


DATA REDUCTION SCALE 


The Gerber Variable Scale is a man- 
ually operated mechanical device that 
performs computations directly on 
graphs, curves, and recordings and is 


used in graphical work where reading, 
plotting, and interpolating is important. 

Scale Model TP007200B has _ two 
springs. A calibrated triangular spring 
has 100 calibrated coils of which every 
fifth is colored blue-green, every tenth 
red, and the others white. A round 
number spring is auxiliary to the tri- 
angular spring, and expands and con- 
tracts with it. It carries little disks 
reading 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 
and 20 which correspond to and cali- 
brate the 0, 20th, 40th, 60th, 80th up 
to the 200th coils on the triangular 
spring. Its function is to facilitate the 
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Now! 


complete 
data on 


MINIATURE AGASTAT® 
time / delay / relays 


This free folder contains complete specs on 24 models of 
the miniature AGASTAT Time Delay Relay for missile, 
aircraft, computer, electronic and industrial applications. 
They’re small as 1-13/16” x 4-7/16” x 114”, with adjust- 
able timing ranges starting at .030 and as high as 120 
seconds. 


The folder gives operating and environmental specs, 
coil data, contact capacities, dimensions, diagrams of con- 
tact and wiring arrangements. Write: Dept. A33-521. 


Ec ELASTIC STOP NUT CORPORATION OF AMERICA 
Elizabeth, New Jersey 
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. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 
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ATTENTION 
SLEEP APPLIANCE MANUFACTURERS 


Our client has an attractive sleep novelty which requires 
a related line and appliance distribution. Market huge. 
Components are molded plastic, small stampings, simple 
switch, miniature batteries, coil. Sells in $15 bracket. 
Profitable but foreign to client’s markets. Manufacturers 
of electric blanket, alarms, timers, clocks, etc., can buy 
rights, tooling, for under $7500 plus inventory. 


JOHN D. TEBBEN CO., MANAGEMENT CONSULTANTS 


975 SOUTH HUNTER BLVD., BIRMINGHAM, MICH. 
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Try Them At Our Expense — Prove 
to Yourself How IDEAL “‘All-Plastic’”’ 
Wire Connectors Speed Assembly 
and Reduce Product Failures. . . 


Just a few twists give you a 
connection of high mechanical and 
dielectrical strength. Special plastic 
resists moisture and chemical action 


@ To make connections good for the life of 
your product — at real savings — use Ideal 
“All-Plastic’’ Wire Connectors. You save 
because Ideal offers the lowest cost, high 
quality connector on the market. The tough, 
non-porous plastic shell provides excellent 
insulation, resists nearly all chemical action 
and takes a minimum of space. Smooth, 
non-abrasive threads twist and grip wires 
firmly but never damage the finest of 
stranded wires. Easy to apply, by hand or 
power driver. Send for free samples. 


WIRE CONNECTORS by 
TRY THEM: 


IDEAL INDUSTRIES, Inc., 1593 Park Ave., Sycamore, Ill. Gasad 


Please send samples of IDEAL’S “All-Plastic’’ Wire 
Connectors. 


Name 
Company 
Address— 


City . . - Zone_____ State 


o 
° 
. 
. 
° 
* 
. 
. 
° 
. 
e 
. 
7 
7 
° 
° 
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more rapid reading of the coils of the 
triangular spring. Both springs are en- 
closed in a plastic crystal which is 
optically designed to project the cali- 
brating lines of the triangular spring 
outward to the outer surface as well as 
downward to the bottom or working 
surface. The spring itself is used di- 
rectly in linear computations such as: 
multiplying curves by constants or by 
variables directly; for interpolating be- 
tween families of curves; and for plot- 
ting of test points where the parameter 
is dificult to hold on account of varying 
physical conditions. Gerber Scientific 
Instrument Co., 89 Spruce St., Hart- 
ford 1, Conn. 620 


SHOCK TESTER 


Shock tester constructed in accordance 
with JAN-S-44 and MIL-STD-202A re- 
produces the moderate shock that com 
ponent parts and instruments will ex- 
perience in dropping on a hard surface 
or bouncing in a moving vehicle. It 
consists of a one-piece cast iron base 
to which necessary channels are bolted 
to form the proper support for the 
movable carriage assembly. Carriage 
assembly is guided by 2 rods attached 
to the base and upper cross channel. 
A stiff. calibrated spring, mounted on 


FOR FASTER ASSEMBLY 
WORK... 


LOOP-TYPE 


the underside of the carriage assembly, 
transmits the shock to the test sample 
when it hits the stationary anvil. This 
tester has a capacity of 0 to 4 lb, and 
is equipped with necessary mounting 
plates, pins and cylinders for 21 
and 31% in. diam instruments with ad- 
ditional mounting accessories available. 
It covers a bench area of 8 x 10 in., 
is 331% in. high and weighs 140 Ib. 


Finished parts are plated for max pro- 
tection. Curves for 2 size weights are 
provided. Gaynes Engineering Co., 1642 


W. Fulton St., Chicago 12, Tl. >621 


PLASTIC 
CLAMPS 


MICRO VOLT-AMMETER 


Model 150 ultra-sensitive, multi-purpose 
instrument for measuring or amplify- 
ing extremely small d-c potentials may 
be used as an amplifier, micro-micro- 
ammeter, and (with an external volt- 


Boeri 


povvniny ects ton talete wai gee! 


age supply) meg-megohmeter. An 
optional floating or grounded input per- 
mits added use as a sensitive and ac- 
curate comparison voltmeter or null 


detector. Measurement spans are as 
follows: d-c voltmeter, 1 microvolt to 
1 volt full scale; ammeter, 10 * to 10°!” 
amp full seale; and d-c amplifier, gains 
of 10 to 10°. It has zero stability as a 


voltmeter within 0.1 microvolt per day, 


You Get MORE with 


DOERR MOTORS 


QUALITY... 


Top performance and life. 


APPEARANCE... 


Perfect insulators for mounting sin- 
gle or group wires, tubing, etc. .. 
unaffected by age, moisture, cor- 
rosion, shock, vibration. Use as a 
clamp, strain relief, clip, hanger, 
fastener, strap, etc. 


MILLIONS IN 


Compliments your product. 


DESIGN SERVICE... 


Solves toughest problems. 


COOPERATION... 


Even on small-lot orders. 


USE! 


YOUR PRODUCTS are easier to produce ... easier to sell... witha 


® NYLON CLAMPS Strong, tough, durable and Doerr motor as original equipment. 
pliable. Do not support combustion. Tempera- 
ture ranges, —60° to +250° F. Seventeen loop 
diameters, 1/8" to 1-1/2". Larger Sizes coming! 
ETHYL CELLULOSE CLAMPSFor general use. 
Tough, lightweight, durable and pliable. Tem- 
perature ranges, —60° to +175°F. Twenty- 
Two loop diameters, 1/8" through 3”. 

SARAN CLAMPS Very pliable and non-burn- 
ing material . . . Temperature ranges, —40° 
to +150°F. Seventeen loop diameters, 1/8” 
through 1-1/4". 


MAIL TODAY FOR 1959 "Hi" CATALOG 


NAME fetes 


Got a problem? Doerr’s experience with thousands of 
“specials” suggests quick, economical answers. Our broad 
background helps develop practical new designs to fit all 


Women Assemblers of your requirements at lowest cost. 


Like ‘Em ? “ 

Also, Doerr quality construction assures full performance 
of your product... while compact, modern Doerr styling 
adds to appearance. 


CALL DOERR WHEN 
YOU NEED MOTORS 


On your next call for motors, get 
MORE...contoct DOERR! Expanded 
line includes ratings from 1/30 to 15 hp. 
Specials are our specialty—backed by 
nation-wide, expert fleld service. Phone 
Cedarburg 801 or write... 


Easy To Open... 
Snap Back in Shape! 


' 
' 
' 
' 
ASK FOR FREE SAMPLES!! Firm _ 
2 . ' 
Specify Type and Sizes ' 

; ADDRESS__ 
' 
' 


CITY __ 


HOLUB INDUSTRIES, Inc. 
445 ELM STREET, SYCAMORE, ILLINOIS 


oe 


94 N. FOURTH AVE. CEDARBURG, WIS. 
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Where other materials fail 
our work begins... 


The world's most 


~ NEARLY PERFECT 
electronic insulation 
materials ......... 


Whatever your high temperature needs—to 1550°F—there is a Mycalex in- 
sulation to meet them . . . each offering a unique combination of special ad- 
vantages for electronic design: the plus factors of the inorganics and the 
design latitudes of the organics! 


FOR PRECISION-MOLDED PARTS 


FOR PRECISION-MACHINED PARTS 


MYCALEX® glass-bonded mica—formulations of high quality natural mica 
and electrical grade glasses, with high dielectric strength, total dimensional 
stability, high arc resistance, high temperature resistance. Depending on their 
formulation, they can be machined or molded to exacting tolerances, inserts 
can be permanently molded in or cemented in—the thermal expansion of 
MYCALEX being close to that of stainless steel. 


SUPRAMICA® ceramoplastics — advanced formulations of synthetic mica 
and high temperature glasses, created for insulation applications at operating 
temperatures up to 1550°F. They have a thermal expansion coefficient close 
to that of stainless steel. They are available in moldable or machinable types 
... both offering total dimensional stability. 


SUPRAMICA 656 — Precision - molded 
insulation, for operating temperatures 
to 700°F. 


SUPRAMICA 660 — Precision - molded 
insulation, for operating temperatures 
to 932°F. (500°C.) 


MYCALEX 410 —Precision-molded in- 
sulation, for operating temperatures to 
600°F. 

MYCALEX 410x—Lightweight preci- 
sion-molded insulation material. 


SUPRAMICA 600—Machinable insula- 
tion, for operating temperatures to 
850°F. 


SUPRAMICA 620—Machinable insula- 
tion, for operating temperatures to 
1550°F. 


MYCALEX 385—Machinable insulation, 
for operating temperatures to 700°F. 


MYCALEX 400—Machinable insulation, 
for operating temperatures to 800°F. 


General Offices and Plant: 123-C Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 
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MYCALEX 


CORPORATION OF AMERICA 
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LOOK TO TOBE FOR PROGRESS 


Of particular interest to the thou- 
sands of international visitors to 
the historic Geneva Atoms-For- 
Peace Conference, was the display 
of thermonuclear fusion research 
equipment which the U. S. Govern- 
ment set up. Significantly, several 
of these devices use low-inductance 
condensers made by Tobe. Three of 
the machines are shown here. 


Even now—long after the conference 

Tobe receives inquiries and orders 
from every corner of the globe. The 
postmarks read like a roll call at 
the United Nations: Great Britain, 
Japan, Italy, U. S. S. R., France, 


specify 


TOBE DEUTSCHMANN + CONDENSER PIONEERS SINCE 1922 
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Tobe... 

first with 
condensers for 
thermonucleonics 


Brazil, The Netherlands, Sweden 
and many others. 


Scientists and engineers of these 
countries are in perfect accord in 
their recognition of Tobe’s achieve- 
ments in thermonuclear condensers. 
For the fact is that when controlled, 
power-producing fusion is a reality, 
Tobe will have had a hand in it. 


But why wait till then for Tobe’s 
aid? Tobe’s “creative engineering in 
action” will help you solve your 
present condenser problems. Talk to 
Tobe today. Tobe Deutschmann 
Corporation, Norwood, Mass. 


PRODUCTS 
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within 2  10-'! amp as an ammeter; 
zero suppression up to 100 times full 
scale; and 0.006 microvolt rms short- 
term noise. The zero center scale in- 
dicates polarity and amplitude as well 
as null point, with 0.5 to 2 sec period. 
Keithley Instruments, Inc., 12415 
Euclid Ave., Cleveland 6, Ohio. 622 


TRANSISTORIZED POWER 
SUPPLY 

Model MTR 636-15 is a 6-36 volt d-c, 
15-amp_transistorized __ transient-free 
power supply designed for testing 
transistorized circuits where transistor 





failure may occur with conventional 
statically regulated power units due to 
line and load transients. It has a regu- 
lation of +25 mv; a ripple of 5 mv 
rms max and dynamic impedance of 
50 milliohms max from 0-20 ke. Cur- 
rent-limiting circuit provides overload 
and short-circuit protection auto- 
matically. Perkin Engineering Corp., 
345 Kansas St., El Segundo, Califor- 
nia. > 623 


VACUUM-TUBE VOLTMETER 


A-C vacuum tube voltmeter, model 
VA-104, incorporates such features as 
long-life electrolytic capacitors as well 
as output jacks permitting the use of 





the instrument as a high gain, 4-mc 
wide-band amplifier with a max gain 
of 50 db. Frequency range: 10 cps to 
4 mc; voltage range: 0.001 to 300 
volts in 12 ranges; overall accuracy, 
+2 per cent. Republic Electronic In- 
dustries Corp., 111 Gazza Blvd., Farm- 
ingdale, L. I., N. Y. >624 
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_(<WIRES MARKED 


= 


~ ”~ PERMANENTLY. ... 


METAL IDENTIFICATION TAGS OF 
EVERY DESCRIPTION FOR MARKING CABLES, 
LEADS, AND GROUPING WIRES 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they ave | the end of identification problems! Made 
of aluminum, steel, brass, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 
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Wide range of 
OPERATING TEMPERATURE COMPOUNDS 


for major potting applications in the communications industry 
@ Controlled insulation resistance. 
@ Stability at -70 °C. 
@ Adhesion to ceramics, porcelain, plastics, metal and glass. 
@ Cold flow range from 185 °F to 250 F. 


Send for GENERAL SPECIFICATIONS CHART 
on INSULATING and SEALING COMPOUNDS 


3442 HOWARD STREET * SKOKIE, ILLINOIS 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


HV ae a 
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DYKEM 
had ee 


Stops Leases ox 
=D) 


making Dies and 


Popular package 
8-oz. can fitted erin 
Bakelite ‘ea y~y-- 

ying right at bench: 
right a nc 
é etal surface ready for 


BC Taal el t-haeey 


peut in a few minutes. 
The dark blue background 


makes the scribed 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for sample 
on entouay letterhead 


DYKEM COMPANY 
North 11th $1. © St. Louis 6, Mo. 
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TWIN LAMP 
ASSEMBLY 
No. 248-6939-1437 
SINGLE LAMP 
HOLDER 


Replaceable No. 7538 


Lamp Cartridges 


In this snateteecempeets facts on DIALCO’s 


a I), WWE 


For the Computer-Automation Industries 


DATALITES by DIALCO are ultra-miniature Indicator Lights 
specially designed to meet the critical requirements of 

the computer-automation fields. Made in 2 basic styles: 

Lamp Holders with DIALCO’S own replaceable Lamp Cartridges 
(see above); or integrated DATALITES with Built-in Neon 
Lamps which are not replaceable (see below). Ultra-compact, 
single units mount in ¥%”" clearance hole; the twin-lamp 
assembly mounts in 34” clearance hole. 


LAMPS USED: 
T-1% wire-lead 
incandescent lamps, 
or NE-2E neon lamps, 
in aluminum sleeves 
capped with plastic With 
lenses (7 colors). Rotatable 
° Lenses 





DATALITES 
with 
Built-in NE-2E 
Neon Lamps 


249- 7840- 1431 No. 249-7841-931 


wi 
built-in resistor 





250- 7841- 1431 
with 
built-in resistor 





(1Ilust. approx. 
actual size) 


No. 250-7840-1431 


DATALITES have fully insulated terminals and conform to 
all applicable military specifications. Integrated units 
are available with or without built-in resistors. The 
cylindrical lenses can be hot-stamped with digits, letters, 
etc. Complete details in Brochure L-160. Send for it now. 


SAMPLES On REQUEST—-AT ONCE—-NO CHARGE 


PNA bs 


44 STEWART AVE., BROOKLYN 37,N.Y. - 





HYacinth 17-1600 
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‘THE MARK OF QUALITY | 
can you use this 










BARBER 


‘ miniature d-c motor 
ee 


OPHAR 


-~~~_WAXES 


~ 


| ~s\~ COMPOUNDS 
| 
| 
| 


in your product ? 





Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 





Special waxes non-cracking at —76°F. 


inexpensive, yet high in 

quality, this compact governed d-c motor is available in 
speeds from 1500 to 5000 rpm. Designed to operate over 
a voltage range of about 4 to 30 volts d-c, it is ideally 

| suited for many applications such as: drive mechanisms 


Let us help you with your engineering 
problems. 
For immediate service contact: 


L. E. Mayer, Sales Manager 
A. Saunders, Technical Director 





H, Sounders, Chemical Laboratories in photographic equipment. . . marine navigation equip- 
Phone SOuth 8.0907 ment... portable dictating machines . . . signal-seeking 
radios .. . tape players . . . and many types of portable 
instruments. Is this the answer to your design problem, too? 
ZOPHAR MILLS, Inc. WRITE FOR BULLETIN F-8792 for specifications and 
performance data. 
112-130 26th Street, 
Brooklyn 32, N. Y BARBER-COLMAN COMPANY 
/ are Dept.Q, 1803 Rock Street, Rockford, Illinois 
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Now available in reprint form ($1.00 per copy): 


25 or more copies, 75 cents each. Add 3 per cent sales tax for New York 
City delivery. The quoted prices include shipping charges. 


| 
| _ 
| ° 
| SLIDE RULE MATHEMATICS | | g 
| v 

—> IDEAL FOR TECHNICIAN TRAINING PROGRAMS! | 

| 

“SLIDE RULE MATHEMATICS” offers a practical guide to the under- | 
standing of the slide rule and its application to engineering problems. This nm 
article is the work of Ira Ritow, engineer-teacher and author of the pop- | . 
ular “Capsule Calculus.” It traces the logical development of the slide | z 
rule’s fundamentals and gives complete, concise instructions for its use. 
Contains over 50 two-color illustrated examples of step-by-step slide | $3 
rule settings. ” 
| i 
Major topics include: | % 
@ Uses of the Basic Side Rule e@ Variations on Basic C-D Operation sg 

© Trigonometry e@ The Log-Log Scales ¢@ Phasor Calculations | 

@ Vector Diagrams e The Circular Slide Rule. 

| 
The 20-page reprint, plus 4 practice slide rules printed on heavy stock for ei 
easy cut-out, is priced at ONE DOLLAR. Ordered in quantities of 5 to 24 | 8 
for single shipment to one address, the per copy price is 90 cents; for & 
i 

| 

| 

| 

| 

| 

| 


READER SERVICE DEPARTMENT 
ELECTRICAL MANUFACTURING 
1250 Sixth Ave., New York 20, N. Y. 
“SLIDE RULE MATHEMATICS.” 


NAME 
COMPANY 
ADDRESS 


Reprinted from March-April 1958 issues of ELECTRICAL MANUFACTURING. 
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K (STANDARD) 


For Aircraft, 

Electronic, Instrument, 
Military, Missile, Industrial 
and Commercial Applications. 





Standard K and RK...in straight and angle 90° 
plugs, wall mounting receptacles. Conduit and 
clamp entry types. 1 to 82 contacts in 213 different 
insert arrangements. 10-, 15-, 30-, 40-, 60-, 80-, 115-, 
and 200-amp. silver-plated brass contacts. High 
quality phenolic, melamine, and formica insulators. 
Cadmium-plated aluminum alloy shells, Flashover 


voltages: 1100 to 5000v 60cps ac rms, 


KH, RKH 


(HERMETICALLY SEALED) 


For Use Under Critical Pressure and 
Leakage Conditions 





Hermetically sealed connectors... 
with steel shells, steel contacts, and Can- 
seal glass insulators, fused to shell and 
contacts. True hermetic sealing. Electro 
tin plating over cadmium plate over cop- 
per flash provides highly receptive sur- 
face for soldering and corrosion resistance. 


er 


‘special acme thread « rugged construction « variety of coaxials « integral clamp 


RK 
PLUG AND RECEPTACLE 
For Flush or Semi-Flush Mounting 





RK plug and pin assemblies are equipped 
with an external threaded coupling nut 
which is the reverse of the standard K 
series. Note, RK will not mate with K’s. 


B. cannon plugs « standard of quality for the industry 


: : 


TBF-K 
For Carrying Circuits Through Bulk- 
heads 





TBF-K Bulkhead Connectors... fea- 
ture a double-faced construction allowing 
mating at both ends. Pin inserts. Single 
piece shell. Five insert assemblies 
available. 
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STEEL SHELL Firewatt 


For Open Flame Protection Against 
High Temperatures 





FW and FWR Cannon K Firewall 
Connectors... available in straight and 
angle 90° plugs, wall mounting recepta- 
cles. Inserts of phenolic or fireproof 
inserts of glass-filled materials. Crimp 
type contacts. Cannon made the first fire- 
wall connector and continues the leader 
in this important field. 


RLKL and LKL 
(TV SWITCHING PANEL) 
For TV Panel Switching 





Quick Connect and Disconnect RLKL 
Plugs... designed for one-hand fast dis- 
connect use on TV station program switch- 
ing panels. Feature a quick coupling 
means. Latchlock secures plug to mated 
fitting (RLKL receptacle). Thumb pres- 
sure releases it. 


ale eae ~ 


APPLICATION 


Application of R and RK connectors 
on a recording oscillograph, 


original aircraft, electronics, sound, and all-purpose line 


RECORDER connector 


For Telephone “Beeper” Connectors 








SK-M7-21C...Widely used on two lead- 
ing makes of telephone recorded connec- 
tor units known as “beepers” because of 
the signal required by law in such 


recordings. 
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K accessories 


Straight and Angle 90° Junction Shells, 
Dust Caps, Bonding Rings, Gland Nuts, 
Clamps, Dummy Receptacles 





Featuring High Quality Materials and 
Workmanship...Junction shells are 
designed to protect, shield, and carry 
wires through walls, panels or bulkheads 
to conduit. Dummy receptacles hold and 
protect plugs when not in use. 


Other Cannon Series...Mil. Spec. “MS” (full line) — External Power Con- 


nectors— Switching Types— de Solenoids 
Miniatures and Sub-Miniatures. 





See “K” Bulletin 
for Engineering Data. 


Circle 384 on page 17 


Guided Missile Launching Connectors 


Please refer to this magazine or to Dept. 500 


GANLION PIWSs 


Where Reliability for Your Product Is Our Constant Goal 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, 
California. Factories in Los Angeles; Salem, Massachusetts; Toronto, 
Canada; London, England; Melbourne, Australia. Manufacturing 
licensees in Paris, France; Tokyo, Japan. Contact our representatives 
and distributors in all principal cities. See your Telephone Yellow Book. 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter “e' with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Capacitors—37, 50, 232e, 234e, 244e, 256e, 
290e, 300, 320e, 338, 357, 364 
Choppers—359 
Clutches—65, 308, 353 
Contact devices 
Brushes and brush holders—35, 371 
Commutotors—312, 324, 328, 371 
Contacts and contact points—24, 90, 267 
270, 327 
Control panels—254 
Control systems—238e, 279, 286e, 306e, 358 
Counters—228, 284e, 324e, 353 
Crystals and holders—28le 
Current regulators—321 
Electron tubes 
Industrial—195, 318 
Receiving—Inside front cover, 195, 264e, 
292e, 336 
Fans and blowers—172e, 200, 238e, 272e 
Heating elements—260, 298e 
Lights, indicator—57, 255e, 296e, 346, 365 
Magnetic components 
Bobbins and core boxes—52, 349 
Coils and windings—300, 338, 346, 361 
Cores—52, 263 
Laminations—303 
Permanent magnets—68, 73 
Shielding—233e 
Magnetic amplifiers—243e, 316e, 336e 
Meters, panel—214, 223, 225, 332, 334e 
Microwave devices—238, 244e, 28le 
Potentiometers—240e, 250e, 260e, 262e, 299, 
300e, 316e 
Printed circuits—232e, 240e 
Protective devices 
Circuit breakers—72, 248e, 258 
Overload relays—82 
Thermal—45, 88 
Rectifier control—343e 
Relays 
General purpose—l06e, 189, 199, 203, 
220e, 224, 236, 236e, 255, 271, 296, 
298e, 341, 343, 352 
Industrial—207, 329, 330 
Mercury—256 
Photoelectric parts—314e 
Rotary—252e 
Telephone—177 
Time delay—179, 238, 319, 321, 328e, 361, 
372 
Resistors—41, 246e, 284, 315 
Rheostats—74, 266, 335 
Seals and terminals, hermetic—28, 41 
Semiconductor devices 
Controlled rectifier—250e 
Rectifiers and diodes—15, 183, 216e, 241, 
244e, 246e, 247, 250, 260e, 270e, 278e, 
308e, 314e, 318e, 324e, 330e 
Thermistors—268e, 324 
Transistors—61, 80, 11 le, 312e 
Varistors—324 
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Servo components—Back cover, 192, 238, 
240e, 243e, 282e, 310e, 322e 
Solenoids—252e, 268, 275, 322, 326e, 335 
Static switching elements—I6le, 232e, 261, 
316e 
Switches 
Controllers and contactors—206, 233, 238e, 
250e, 254 
Crossbar—304e 
Foot—233e 
Limit—64, 240e, 252e 
Manual—356 
Mercury—22, 256, 316 
Pressure—274 
Proximity—286 
Pushbutton—57, 232e, 252e, 258e, 296e 
Rotary—232e, 236, 238e, 264e, 286e, 304, 
314e, 347 
Snap action—30, 210, 336e, 349 
Speed regulating—226 
Stepping—238e 
Timing—233e, 318e 
Toggle—30 
Telephone handsets—264, 308 
Timers—86, 223, 228, 240, 255e 
Transducers 
Ceramic elements—262e 
Linear displacement—294e 
Thermostats—340e 
Transformers 
Electronic—16, 29, 243e, 278, 296e, 326e 
Industrial—278 
Variable—198, 236e 
Valves, servo—233e, 240e, 272e, 308e, 338e 
Valves, solenoid—243e 
Wire and cable—189, 214e 
Cable assemblies—268e 
Coaxial—236e 
Hookup—40, 274, 349 
Magnet—32, 59, 63, 197, 245, 249, 288 
Power—40 
Resistance—187, 349 
Ribbon cable—248e, 260e 
Wiring devices 
Cable clamps and clips—246e, 362 
Connectors—77, 246e, 283, 284e, 286, 
294e, 322e, 354, 361, 367 
Cord sets—188, 189, 298, 333, 339 
Lacing—240e, 262e, 284 
Plugs and jacks—264, 268e, 292e, 310e, 
350 
Terminals—226, 276, 283, 309, 332e, 334e, 


353 

Terminal blocks—209, 240e, 248e, 262, 
320e, 358 

Terminal tags—365 


COMPONENTS, 

MECHANICAL/STRUCTURAL 

Bearings, ball and roller-—1l, 36, 83, 235, 
240e, 336e 

Conduits—191, 308e 

Counters—300e 

Couplings—34 

Drawer slides—317 

Fans and blower wheels—205, 294 


Fasteners—218e 
Bolts and nuts—251, 252e, 293, 330 
Screws—49, 147c, 240, 259, 304e, 312e, 

331 

Gears—178e, 196, 238e 

Housings and enclosures—190, 191, 318e 

Knobs, handles—250e, 335 

Light fixtures—191 

Motor bases—266e 

Mounting hardware—236e, 246e, 276e, 340e 

Plastics parts—56, 196, 233e, 236e, 269, 282, 
330, 350, 371 

Pulleys—236e 

Pumps—233e, 338e 

Rings, retainer—218, 301 

Seals and gaskets—266e, 291 

Shock mounts—278e 

Speed reducers—234e 

Stampings—220, 326 


COMPUTERS AND COMPUT- 
ING COMPONENTS 


214e, 234, 238, 276, 319, 328e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Microfilm—257 
Reprodctioun machines—204, 239 


DRIVES, ELECTRICAL 


Inside back cover, 238e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—243e, 306e, 344e, 359 
Counters—344e 

Environmental chambers—240e, 322 
Generators, electronic—348e 

Meters—287, 356e, 362e, 364e 
Oscilloscopes—276e, 344e 

Power supplies—175, 243e, 260, 282e, 290e, 
352e, 358e, 364e 

Recorders—76, 346e, 355 

Shock and vibration—362e 


Special test equipment—207, 218, 233e, 234e, 
236e, 240e, 243e, 270e, 290, 344e, 346e, 
350e, 354e, 356e, 358e, 360¢ 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Contact materials—252 
Insulation and dielectrics 
Asbestos—48 
Casting resins—75, 228e, 243e, 305, 311, 
320, 332e, 366 


ELECTRICAL MANUFACTURING 





Ceramics and glass—41, 217, 277, 340, 354 
Laminates—63, 69, 313, 323, 351 
Mica—363 
Molding compounds—63, 69, 232e, 248e, 
252e, 316 

Paper—14, 285, 332 
Silicones—62, 71, 258e, 345 
Tape—31, 53, 71, 229, 242 
Tubing—232e, 250e, 272, 292, 295, 337 
Varnishes—100e, 250e 

Magnetic materials 
Electrical steel—21, 78, 227 
Ferrites—218e 
Ferromagnetics—52 

Semiconductors 
Silicon—13 

Solder and flux—236e, 328 

Soldering mask—332 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—258e, 
365, 366 
Metals—310 
Alloys, general—78, 232 
Aluminum—42, 193 
Copper, brass, bronze—4, 281, 297, 370 
Nickel and Ni-alloys—187, 214e, 325 
Steel—201, 214e, 216e, 227, 273 
Titanium—216e 
Zinc—23 
Metal forms 
Castings—54, 265, 321 
Clad metals—237 
Dies—208 
Tape—294 
Thermosta‘ic bimetal—90, 314 
Tubing—70 
Non-metallic materials 
Ceramics-—41, 217 
Etchants—339 
Felt—236e 
Glass—277 
Lubricants-—236e 
Plastics compounds and resins—56, 60, 69, 
87, 258e 
Protective coatings 
Chemical—241 


MOTORS AND GENERATORS 


Integral-hp motors—38, 66, 211, 231, 234e, 
340e, 343 

Fractional-hp motors—2, 26, 38, 46, 66, 79, 
192, 202, 221 234e, 238e, 244, 321, 362 

Gearmotors—30, 274e 

Generators—181, 324e 

Special—l1l6e, 192, 202, 223, 238e, 256e, 
322e, 343, 359, 366 


PRODUCTION EQUIPMENT, 
TOOLS 


Assembly machines—216, 248, 336 
Coil winding—194, 219, 282, 352e 
Commutator lathes—349 

Layout fluid—365 

Pliers—200 

Processing equipment—24]1 

Wire strippers—327 

Wiring machines—209 


SERVICES 


Data processing—84 
Electronic design—185 
Management consulting—36] 
Metal fabrication—241, 304 
Plastics fabrication—306, 342 
Power equipment design—253 
Rubber fabrication—215 
System design—279 

Testing laboratories—360 
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A Design Guide to the 
Analysis and Synthesis of 
Switching Circuits and Logic Systems 


Electrical Manufacturing’s 


comprehensive 5-article series on 


Boolean Algebra 


now combined in a 
68-page reprint booklet! 


An invaluable technique—boolean algebra—for every engi 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 


In this reprint booklet—handy for home study—ELecrricaL 
MANUFACTURING has brought together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
originally published in these pages, May—September, 1958. 


Here’s a quick run-down on the subjects covered: 


e Language and Laws of Boolean Algebra—Starting at the begin 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer's tool for understanding and designing electrical, 
mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de 
riving the boolean function of multipath switching and (2) visualiz 
ing and simplifying the boolean expression for any logical circuit. 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications. 


e Circuit Design Using Boolean Matrices and System Synthesis 
Using State Coding—Here the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch 


Ing sequences 


@ Designing Sequential Circuits—When a circuit possesses “mem 
ory,” the techniques of analysis and synthesis used for combina- 
tional circuits must be augmented. So here the authors deal with 
the two sets of equations that must be derived, one set describing 
each output, the other describing each internal secondary (feed 
back) control. 


To round out this informative series an appendix has been in 
cluded dealing with Tabular Reduction Techniques; also a selected 
bibliography containing 106 references to related articles. 


ORDER COPIES FOR THE WHOLE STAFF! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies 
See convenient order form on page 222. 
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CHANGE 
DIRECTION 


All Electric 
Variable Speed Drive 
with Finger-tip Control 


The new V*S Jr. gives you instantaneous speed changes, 
even under load, without belts, pulleys, or gears. This 
Reliance Drive puts complete machine control at the opera- 
tor’s fingertips. All functions, jog, start, stop, reverse and 
speed changes are placed in a compact, remote control station. 


The 8 to 1 motor speed ratio puts extra flexibility into your 
machinery. Speeds may be changed through this wide range 
as frequently as required. The motor will operate through a 
100 to 1 speed range for jogging or light intermittent duty. 


There’s a big power cushion in the motor too . . . power for 

smooth speed pick up, even under heavy shock loads, and 

dynamic braking for fast controlled stops without shudder- 

ing or jerking. 

The Reliance V*S Jr. is your answer to machinery drive 

problems in the % to 4 horsepower range. Package construc- 
WIDE tion makes installation easy; just plug it in to a single phase 


SPEED RANGE ty . 220 or 440 volt a-c. line. 


Write for Bulletin D-2505 for complete details. D-1564 


SASS CRORE, RELIANCE iiiie te 


CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in principal cities 


op 
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& Vibration .............. MAUS 


Special synchros have been designed at Clifton Precision to meet shock 0 to 2000 
requirements as high as 80 g’s. Vibration requirements involving 0 to 

2000 cps and 20 g’s have also been met. Clifton’s versatility in the design 

of brushes and slip rings has permitted us to meet very exacting customer 

specifications. Let us know your requirements! 


Temperature ...... 


A year and a half ago we announced our synchros 
for direct turbo jet engine mounting which success- 
fully resist 450 F. Since then we have progressed to 
where we are developing synchros that withstand 
800 F for short periods and retain their precision 
characteristics. ; 
Our high temperature resistant line of synchros can ee 
now be obtained in sizes 8, 10 and 11. High tempera- SIZE S syncuro f 


ture units also available in our servo motors, motor ACTUAL SIZE 


generators and precision computing resolvers. 


Radioactivity .............. Maun eas 


We recently delivered radioactivity resistant synchros to a manufacturer 
of radioactive material handling equipment. When tested, these synchros 
successfully resisted unremitted radiation from 1 Kilocurie of Cobalt 60 
for 2 weeks. The synchros remained functional in all respects i.e. accu- 
racy, nulls, lubrication, insulation unimpaired. 


For information call or write: Sales Department, 9014 West Chester 
Pike, Upper Darby, Pa. (Suburban Philadelphia.) HIIltop 9-1200 or our 
Representatives. 


LOOK TO CPPC for ANY ROTARY COMPONENT 


Cppec 
CLIFTON PRECISIOM/PRODUCTS CO., INC. 


CLIFTON MEI TS, PA. 


ENGINEERS—Do you want spi th as an "extra" in your career? 
Write David D. Brown, Personnel Director, Dept. L5. 
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